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RESTITUTION OF THE EYE AFTER REMOVAL 
OF THE RETINA AND LENS IN THE NEWT, 
TRITURUS PYRRHOGASTER* 


MICHIO HASEGAWA 


Department of Animal Husbandry, Faculty of Agriculture, 
Nagoya University, Anjo-City 


INTRODUCTION 


More than thirty-five years have passed since Horst Wacus 
demonstrated that the urodelan eye restores itself even after complete 
removal of the retina together with the lens, through a slit in the 
eye-ball. According to him the entire retina has been regenerated 
by proliferation of the pigment epithelium of the iris, with or without 
additional cell material from the remaining- inner layer of the iris 
(pars tridica et ciliaris retinae) or from the pigment epithelium of 
the retina (tapetum nigrum; cf. loc. cit., p. 358-359). This finding 
was entirely unexpected even to the discoverer himself (H. Wacus 
1920, p. 331-332, p. 360), because at that time it was generally believed 
that regeneration of the coats of the eye-ball occurred on the principle 
of ‘“‘Gleiches aus Gleichem.” 

Wacus’ findings, made on Triton taeniatus-larvae, were confirmed 
in Triton cristatus-larvae by M. ZALoKAR (1944, p. 464-466). 

During the past ten years, L. S. Stone and his collaborators 
carried out a series of studies on in toto transplanted eyes of several 
vertebrates, especially the eyes of the adult newt, Triturus viridescens, 
and ascertained a recovery of vision which is attained by the regener- 
ation of the retina after its temporary decomposition. He (1950a) 
published a full report on this phenomenon and stated that the cells 
of the pigment epithelium of the retina are the sole source of the 
new retina (Stone, loc. cit., p. 95). The possibility of formation of 
the. retina from the iris-layers, which was emphasized by Wacus. 
was denied by Strong, because of his findings that a graft of the 


* This work was carried out at the Biological Institute, Faculty of Science, 
Nagoya University, and supported by a grant to Prof. TADAO SATO from the 
Scientific Research Fund of the Ministry of Education, for 1948-1951. 
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iris in the eye did not form retinal tissue (loc. cit., p. 103). STONE 
(1950 b) further confirmed this argument by the experiments in which 
the retina was, totally or partially, excised with the lens. 

In 1948, being completely ignorant, owing to the circumstances 
at that time, of the progress in research, the present author began 
the investigations to compare the modes of restitution of the eye 
after removal of the retina and lens among vertebrates.* As to 
the eye of the newt, Triturus pyrrhogaster, which alone will be re- 
ported here in detail, the author’s results coincided closely with those 
of Stone as regards the point that the pigment epithelium of the 
retina plays the chief role in providing material for the new retina, 
in the adult as well as in the larva. However, from the present 
findings the opinion of Wacus that the remaining layer of the pars 
ciliaris retinae plays a part in the regeneration of the retina could 
not be denied entirely. 

It seemed therefore necessary to present the author’s results in 
order to clarify where the discrepancies in findings and opinions lie 
and if possible, to find a settlement for further studies on the problem 
concerning the origin of cell material in retina-regeneration. 


The author wishes to express his sincere gratitude to Prof. Tapao 
Sato for his kind guidance and valuable advice during the course of 
this work. Special thanks are also due to Dr. Tamotsu Ooyama for 
his kind advice for the preparation of the manuscript. 


MATERIALS AND METHODs 


Materials used were the adults measuring 94-135 mm. in the total 
body-length and the larvae measuring 27-38 mm. of Triturus pyrrho- 
gaster. The larvae were at a stage immediately before metamorphosis 
when they were operated. : 


All the operation were made on the right eye of the animal. Since the 
method of extirpation of the retina and lens happened to coincide with that 


* Results of this study made in summers 1948-1949 were briefly reported 
at the 20th Congress of the Japanese Zoological Society in Tokyo on Oct. 15, 
1949. The report was published in the next year; see SATO, T. and M. HASE- 
GAWA, 1950. 

Professor T. SATO takes this oppotunity to express his gratitude to 
Professor F. E. LEHMANN in Bern and Professor E.GUYENOT in Geneve who 
kindly placed the paper of Dr. M. ZALOKAR at our disposal. 
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of STONE (1950 b, p. 13-14), statement will be made only of the points which 
differ from his. 

To anaesthetize the animals, a 2% solution of ethyl-urethane was used. 
The operation was made in KESSELYAK-RINGER’s solution. While in the case 
of STONE the dorsal half of the eye was cut open, in the present case the 
cut was made in the cranial half with WECKER’s scissors along the corneo- 
scleral junction. After careful extirpation of the retina (pars optica), which 
had been detached from the underlying pigment epithelium by a gentle stream 
of operation-fluid with a wide-bore micro-pipette, the lens was also removed. 
The flap of the cornea with the ring of the iris was carefully replaced. 

The operated animals were kept in fresh KESSELYAK’s solution until they 
recovered from the anaesthesia (20-30 min.). Without keeping the operated 
animals in a moist chamber for recovery of the wound (cf. STONE 1950 b, 
p. 14), they were immediately transferred into water and kept in separate 
glass vessels at room temperature (24~32°C.). 

For histological examination, animals were fixed with BOUIN’s fluid. 
Decalcification was carried out with PERENYI’s mixture. Serial paraffin sec- 
tions were made at 10.u for larval materials or at 15u for adult materials. 
Tripple staining with MAYER’s haemalum and orange G-erythrosin gave good 
results. 

The number of adult newts operated on in 1948 and 1949 was 89. The 
75 surviving cases were subjected to microscopical observation. 50 operations 
were performed upon larvae in 1951, out of 
which 48 cases were studied. 


Text-figure 1 illustrates the termi- 
nology used in the following description 
for orientation in the eye. The antero- 
posterior axis defined in this way does 
not correspond to that of the larval 
body. This rather confusing termi- 
nology cannot, however, be avoided, 
because of many expressions introduced 
from ophthalmology into this field 
of animal morphology. As to the ex- 


pressions such as inner and outer, 

A Fig. 1. Schemes illus- 
orientation is referred to the imagi- trating the terminology 
nary center of the spherical eye-ball. used in. the paper. 


RESULTS OF EXPERIMENT 


I. Changes tn the eye subsequent to operation (cf. Text-figs. 2, 3) 
Microscopical observation of eyes fixed immediately after oper- 


dorsal 
cut 
caudal — © crania] 
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posterior 
sclera 
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ation reveals that the optical part of the retina has been extirpated 
leaving the ciliary part of the retina intact. It deserves to note that 
in the adult eye the ciliary part of the retina consists of a single 
cell layer with uniform thickness (Text-fig. 2), whereas in the larval 
eye the arrangement of cells, especially in the ventral half, is some- 
what irregular and the cells are higher at the posterior region (Text- 
fig. 3). 

The effort to leave the pigment epithelium intact, seems to have 
been fairly effective. The pigment epithelium lined with a thin layer | 
of lamina basalts, lies directly on the blood vessel layers of the choroid 
(chorio-capillaris) along the entire surface. The pigment epithelium 
is obviously thickened and shrunken, showing some irregular folds, 
but in no case the epithelium is ruptured or torn. Only in the region 


Fig. 3 


Fig. 2. The medial section of the adult eye immediately after oper- 
ation (1948, A-34). Note the complete removal of the pars optica and 
lens. The remaining layer of the pars ciliaris is indicated by arrow. 
x 25. 


Fig. 3. The medial section of the larval eye immediately after oper- 
ation (1951, t-30). Complete removal of the pars optica and lens. The 
remaining layer of the retina (pars ciliaris) is indicated by arrow. x80. 
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of the optic nerve head, cells of the pigment epithelium lose their 
mutual connections and are lined only by the basal lamina, so that 
the epithelium presents a jagged appearance. Sometimes a small 
number of pigment cells are liberated from the lamina and laid freely 
in the posterior chamber of the eye. 

However the result of the operation as a whole is quite severe. 
The eye-chamber shrinks through loss of the tension, which is especial- 
ly marked in the anterior chamber of the adult eye. In the larval 
eye (Text-fig. 3), the cornea becomes flattened or only slightly in- 
verted, while in the adult (Text-fig. 2) it usually produces some 
irregular folds, which often reach a considerable magnitude. This 
folding of the cornea seems, as it happens only in the adult eye, not 
to be due to roughness in manipulation, but rather to uneven swelling 
which is caused by gradual infiltration of water into the corneal 


mesoderm (substantia propria). 
The swelling and folding of the mesoderm are not only limited 


to the cornea, but occur also in the sclera, in a less extent. Here, 
the lamellae of the tissue begin to separate into bundles showing a 
fine wavy appearance. The nuclei of the lamellar mesodermal cells 
become prominent, and most of them assume irregular form, some- 
times also spindle form. Of course, in the larval eye, where the 
scleral mesoderm has not yet so well developed as in the adult eye, 
the swelling and folding of the sclera are almost negligible. 

Very conspicuous changes are found in the choroid tissue and 
stroma of the iris. These become extremely thick, chiefly by dis- 
tension of blood vessels, especially of the chorio-capillaris, and internal 
hemorrhage in the tissues. Between the chorio-capillaris and all other 
layers of the choroid, there are formed wide spaces which are filled 
with a tissue-fluid containing a substance stainable as that in the 


aqueous humor. | 
The posterior chamber of the eye, pressed forward at the pos- 


terior region by expanding choroid spaces and thickened sclera, 


becomes shortened in depth much more than in height and width. 
There, the stump of the optic nerve head severed from the retina 
remains and bleeding from the wound is inevitable. 


Il. The normal course of restitution (cf. Tables 1-4, Text-figs. 4- 


17, Plate 1, Figs. 1-6, Plate 2, Figs. 7-12) 
In the following, the process of restitution will first be described 
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in six stages according to changes in the medullary part especially 
in the pigment epithelium of the retina. Recovery of the mesodermal 
parts will be treated afterwards under a special section (p. 19). 


1. Stage 1 (cf. Plate 1, Fig. 1, Plate 2, Fig. 7) 

In the adult eye, healing of the wound first occurs in the corneal 
epithelium. Within a few days, the cells of the epithelium around 
the wound proliferate and unite in scars of different sizes. Before 
the healing of the corneal mesoderm, the vitreous humor begins to 
accumulate and the eye-ball begins to be distended. 

The pigment epithelium of the iris and the retina, contracts and 
thickens by loss of the tension. While the pigment epithelium of 
the retina is firmly attached to the choroid along the entire surface, 
the connection between the iris and the cornea, owing to loosening 
of the ligament, is slackened and the iris is sunken asa whole. The 
anterior chamber of the eye, thus becomes unproportionately wide 
in comparison with the posterior chamber. 

The iris epithelial cells show no further change at the margin of 
the pupil. Only in some of the iris epithelial cells of the larva, the 
pigment granules gather in the periphery. of the cells so that the 
nucleus becomes visible. 

In the caudal half of the eye the cells of the pars ciliaris retinae 
lose their epithelial arrangement and begin to proliferate by mitoses 
at the neighbourhood of the severed end. At this place, cells of the 
pigment epithelium become lighter in colour or occasionally de- 
pigmented* and wander out from the pigment cell layer and mix with 
the cells of the pars ciliaris just mentioned. The cell mass of 1-2 
cell thickness begins to spread posteriorly along the pigment epi- 
thelium which now produces irregular wrinkles and folds along the 
entire surface. 

The wound-healing of the pigment epithelium is hindered in 
different degrees by the scar of the corneal epithelium (Text-fig. 4). 
In the wound region of the cranial half of the eye, thickening of the 
pigment epithelium is noticeable and the pigment granules in the 
cells at the edges become widely dispersed whithin the cell body. 


* This phenomenon is caused by the same process as depigmentation 
noted at the dorsal iris-border at the beginning of lens-regeneration (cf. for 
example FISCHEL 1900, p. 37-38). 


| 
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Fig. 4. The dorsal wound edge of the pigment epithelium 
in the adult eye 7 days after operation (1948, A-74). The 
wound-healing is prevented by the intervening scar of the 
corneal epithelium (indicated by arrow). x60. 

p— posterior edge. 


Although this change of pigment cells can usually be seen on the 
inner surface of the epithelium, it occurs only sporadically on the 
outer surface. On the inner surface near the posterior edge of the 
wound, the depigmentation of the cells is more advanced. These 
cells first form a small irregular mass, just along the inner surface 
of the pigment epithelium at the posterior wound edge. In the 
anterior wound edge, i.e., in the region where the pars ciliaris is cut, 
the changes in pigment cells occur only seldom and restrictedly; a 
small number of depigmented cells are occasionally found between 
the layers of their mother tissue and the original layer of the pars 
ciliaris. In contrast to the caudal half of the eye, no mitotic figures 
can be found in the cells of the pars ciliaris; this part, consequently, 
shows no sign of spreading (cf. p. 6). 

The process of wound-healing is much more rapid in the larva 
than in the adult. Although the wound of the pigment epithelium 
in the larva remains open 24 hours after operation, in the caudal 
half of the eye the proliferation of cells from the ciliary part can 
already be seen (Plate 2, Fig. 7). In the course of the next 24 hours, 
the wound edges fuse without any further changes except in the most 


cranial part of the eye where pigment cells are swollen and some 
nuclei become visible on the inner and outer surfaces of the tapetum. 


In the region where the wound of the pigment epithelium has healed 
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completely, the cells of the pars ciliaris spread along the epithelium, 
just as in the caudal half of the eye. 

_ In the larva as well as in the adult, the severed stump of the 
optic nerve retracts from the pigment cell layer into the inner part 
of the choroid. The hole in the pigment epithelium, which resulted 
from the retraction of the optic nerve, is blocked by the thick layers 
of pigment cells of the neighbourhood. 


In the posterior chamber of the eye, there is a thick structureless mass 
of an albuminous substance easily stainable with acid dyes. How this 
substance has been formed remains unknown, but observation in larval 
eyes reveals clearly that it is secreted between the pigment epithelium and 
the pars ciliaris. This mass is gradually decomposed into fine fibrils of the 
vitreous meshwork spreading throughout the entire eye-chamber. 


The above-described changes were found in all 8 out of adult 
eyes preserved from 5 to 7 days after operation. In larval eyes, the 
corresponding stage was found in 5 cases preserved from 1 to 2 days 
after operation. 


2. Stage 2 (cf. Plate 1, Fig. 2, Plate 2, Fig. 8) 

_ The next stage of change in adult eyes was found in all 7 cases 
fixed 10 days after operation and in 2 out of 8 eyes fixed 14 days 
after operation. In larval eyes, the corresponding stage was found 
in 5 out of 6 cases fixed 7 days after operation. 

The main event at this stage takes place in the fundus (central 
part) of the pigment epithelium which becomes thickened and shows 
the first indication of depigmentation: the pigment granules are mostly 
accumulated at the periphery of the cells or sometimes ejected out 
of the cells. 

By the depigmentation, the epithelium can be seen to be made of 
cells arranged irregularly in 2-3 layers, often showing mitotic figures. 
The cells are cubic or ovoid and in most cases, are larger in the 
inner layer than in the outer. A slit is formed between the layers. 

In the caudal half of the eye, though the peripheral region of 
the pigment epithelium may be thickened, it does not yet lose pigment 
granules. The cell mass derived from the pars ciliaris (Stage 1, p. 6) 
spreads on the epithelium and forms the cell layer. The layer is 
1-2 cells thick in the adult and 2-3 cells thick in the larval eye. 
It abruptly thins out at the border and is joined with the depigment- 
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ing fundus of the pigment epithelium overlapping somewhat obliquely 
at the periphery of the epithelium, in the form of so-called “splayed- 
joint” of cabinet makers (Text-fig. 5). 
In larval eyes, some mitotic figures are 
found perpendicularly to the surface 
of the layer showing that the layer is 
increasing its thickness. 


Fig. 5. The part indicated by arrow in Plate 1, Fig. 2 in higher magni- 


fication. Formation of the “splayed-joint.” 
r—the cell layer derived from the pars ciliaris retinae. t—thickened 


tapetum nigrum. x 400. 
Fig. 6. Healing of the dorsal wound of the pigment epithelium in the 
eye at stage 2 (1948, A-54). The scar of the epithelium is indicated by 


arrow. x60. 


In the cranial half of the eye, depigmentation is progressing from 
both the periphery and the fundus, and is more advanced in the former 
than in the latter. 

The wound edges of the pigment epithelium in adult animals 
approach each other, sometimes beginning to fuse at the dorsal and 
ventral end of the wound (in the middle part of the eye). In the 
latter case (Text-fig. 6), the scar of the pigment epithelium spreads 
out posteriorly and the cells are almost completely depigmented. 
The mass of cells found previously at the inner surface of the pos- 
terior wound edge of the pigment epithelium (p. 7) spreads out now 
in loco as a single cell layer of completely depigmented cells. An- 
teriorly this layer is fused with the cells of the pars ciliaris which 
are disturbed in their arrangement without showing any sign of 
proliferation contrary to the caudal half of the eye. Posteriorly the 
limit of the single cell layer is distinguishable by the grade of 
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depigmentation. 

In the region where the wound remains open, the anterior edge 
of the pigment epithelium shows only the first indication of depig- 
mentation, while the posterior edge is at an advanced stage of depig- 
mentation with the cells definitely swollen. They extend a tongue- 
like epithelial outgrowth which turns over inwardly and joins the 
inner cell layer of the pigment epithelium (Text-fig. 7p). This inner 
layer of 1-2 cell thickness is composed of completely depigmented 
cells which has been derived from the irregular mass which is de- 
scribed above (p. 7). Mitotic figures are sometimes found in this 
layer. 


A 


Fig. 7. The wound edge of the pigment epithelium 
in the cauda-ventral part of the same eye as shown in 
Plate 1, Fig. 2. 


a—anterior edge. p—posterior edge. x120. 


In the larvae, the wound in the pigment epithelium heals except 
in the cranio-ventral region, where the conditions are similar to those 
in the adult mentioned above. 

In the region of the optic nerve, the pigment epithelium which 
has covered the entrance point of the nerve loses the pigment granules 
to some extent without any further change. The severed stump of 
the optic nerve remains in the layer of choroid-vessels and the nerve 
itself shows some signs of degeneration, i.e., swelling of fibers and 
nuclei. 


The change in the iris is slight at this stage; the iris epithelium 


- 
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continues its thickening in the pupillary margins, especially at the 
dorsal part. Here, the inner and outer lamellae of the iris are sepa- 
rated from one another (corresponding to stage 2 after Sato 1940). 
In the larval eye, the change goes a step further (Plate 2, Fig. 8). 
In 3 out of 5 cases, cells in the mid-dorsal portion of the iris-margin 
have lost their pigment granules almost completely (Sato’s stage 3). 
It is worth notice that in larval eyes connective tissue fibers of the 
ligamentum pectinatum spread in front of the iris and the pupil, and 


divide the anterior chamber into two spaces by forming a very fine 


membrane. Pigment lumps and vitreous fibrils are obviously inter- 
cepted by this membrane and not conveyed into the foremost part 


of the anterior chamber. 


3. Stage 3 (Table 1, Plate 1, Fig. 3, Plate 2, Fig. 9) 

The next stage was found in 6 out of 8 adult animals fixed 14 
days after operation and in 7 out of 11 which were fixed 17 days 
after operation. In the larvae, this was found in 1 out of 6 fixed 7 
days after operation and in 6 out of 8 fixed 9 days after operation. 

Plate 1, Fig. 3 and Plate 2, Fig. 9 indicate the characteristics of 
this stage. First, depigmentation proceeds in the whole extent of 
the pigment epithelium, beginning from the fundus toward the pe- 
riphery. The pigment granules extruded from the cell are either 
disposed in the eye-chamber, or collected.in masses of various forms 
and sizes. | 

Two types of cells can now be distinguished in the original pig- 
ment epithelium. One type has ovoid nuclei and is mostly found in 
the inner layer, and the other has spherical ones and is found in the 
outer layer. 

These two layers are now separated by clefts in places. While 
the inner layer shows 1-2 cell thickness with less regular arrange- 
ment, the outer layer is composed of fairly well arranged single cell 
layer. Mitoses are frequent in the inner cell layer being originated 
at random, but infrequent in the outer layer. It is noticeable here 
that while cells of the inner layer remain light in pigmentation (Text- 
fig. 8 2), those of the outer layer become dark in the inner half of 
the cell (Text-fig.8 0). How this re-pigmentation occurs is unknown. | 
At any rate, this stage shows the first step of restoration of the retina 
and pigment epithelium. 
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Fig. 8 


Fig. 8. A magnified photograph of the fundus of the pigment 
epithelium in Plate 1, Fig. 3. 

i—inner layer of the pigment epithelium. o—outer layer of 
the pigment epithelium. x 400. 

Fig. 9. A magnified photograph of the ventral unity shown 
in Plate 1, Fig. 3. 

r—the cell layer derived from the pars ciliaris. t—the depig- 
menting cell layer derived from the pigment epithelium (tapetum). 
x 400. | 


In the caudal half of the eye, the inner layer of the original 
pigment epithelium loses the form of the “splayed-joint” referred to 
above (p.9). Together with the form change, the orientation of the 
nuclei in the cell layer derived from the pars ciliaris is altered from 
oblique to perpendicular (cf. Text-fig. 5, 9). 

In almost all cases, the wound of the pigment epithelium becomes 
closed, except in the cranio-ventral region. Along the closing wound 
the pigment epithelium and the inner cell layer are much thinned. 
The pars ciliaris recovers its cellular arrangement without showing 
any mitotic figures. | 

The pigment epithelium in the region of the optic nerve is 
completely decomposed into masses, mixed with lumps of extruded 
pigment (Text-fig. 10). 


| 
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4 


Fig. 3 (Stage 3). x60. 


the region of the optic nerve in the eye shown in Plate 1, 


Similar changes are found in larvae, except the following points. 
The arrangement of cells in the inner layer of the depigmented 
epithelium is more irregular and depigmentation of the outer layer 
is less complete and only transient (cf. Plate 1, Fig. 3, Plate 2, Fig. 9). 

At the pupillary margin, the cleft between both lamellae becomes 
larger and cells near the mid-dorsal margin begin to lose pigment 
(SaTo’s stage 3) or form a lens vesicle (SatTo’s stage 4). In the 
larvae 9 days after operation, the inner wall of the vesicle is somewhat 


thickened corresponding to stage 5 after Sato (cf. Sato’s Table 2). 
Table 1 shows the progress of regeneration in the mid-dorsal 


pupillary margin of the iris at this stage. 


Table 1 
Dp fe SATO’s stage of 
. ays aiter lens-regenration 
Material operation S Total number 
| 3 4 5 
14 5 1 6 
Total 8 5 — 13 
7 1 1 
Y — 3 3 6 
Larvae 


x: wie 
Fig. 10. Depigmentation of the pigment epithelium in 
Total | 3 3 | 
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4. Stage 4 (Table 2, Plate 1, Fig. 4, Plate 2, Fig. 10) 

The following observations were noted in 4 out of 11 adults pre- 
served 17 days after operation and in all 15 cases fixed at 19 to 21 
days after operation. In the larvae the corresponding stage was 
found in 2 out of 8 cases, 4 out of 5 and 1 out of 5 which were fixed 
9, 12 and 14 days after operation respectively. 

Characteristics of this stage are the complete formation of the 
new retinal rudiments and pigment epithelium. The formation of 
double layers derived from the original pigment epithelium, which 
began in the foregoing stage, is now completed throughout almost the 
entire posterior wall of the eye-chamber. 

In the cranial half of the adult eye, when the wound is completely 
healed, cells of the inner layer are depigmented and their nuclei are 
large and slightly oval in form (Text-fig. 11), arranged mostly perpen- 


_dicularly to the layer up to the juncture of the pars ciliaris. Mitotic 


figures with random orientations are often found and sometimes the 
layer becomes 2-3 cells thick in places. The cells of the pars ciliaris 
are arranged in the original fashon. 

Cells of the outer layer, on the contrary, recover their pigmen- 
tation. They become elongated, oval in form, and are arranged to 
form a single squamous epithelium. An exact study of the course 
of the re-pigmentation and re-arrangement of the cells is very difficult 
owing to the extreme rapidity of the process. At any rate, the wound 
of the pigment epithelium heals without leaving a trace. 

In the larval eye as well as in the caudal half of the adult eye 
in which the pars ciliaris has provided another rudiment for the new 
retina, the formation of the new retina proceeds not so uniformly as 
in the cranial half of the eye. While cells of the anterior part of 
the pars ciliaris gradually acquire their original arrangement, those 
of the posterior part which is spread over the pigment epithelium 
undergo cell-division and forms the new retinal cells. At first these 
cells are arranged in a columnar epithelium of 1-2 cell thickness with 
elongated nuclei, which is later transformed into a stratified epi- 
thelium of 3-4 cell thickness in the adult (Text-fig. 12) and of 5-6 
cell thickness in the larva having less elongated nuclei. 

The posterior extension of this cell layer, tapering down rather 
suddenly to 1-2 cell thickness, is united with the inner layer of cells 
derived from the pigment epithelium mentioned above. The trace 
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Fig. 11 Fig 12 Fig. 13 


Figs. 11-13. Magnified photographs of the retinal rudiment derived from 
the different sources in the eye shown in Plate 1, Fig. 4 (Stage 4). x 400. 
Fig. 11. the rudiment derived from the pigment epithelium (tapetum). Fig. 12. 
the rudiment derived from the pars ciliaris. Fig. 13. the place of union of 
both cell materials (retinal rudiments) derived from the pars ciliaris (upper 
half) and from the pigment epithelium (lower half). 


of union remains no more but is recognizable, if possible, by the 
difference in thickness and presence or absence of pigment in the 
layer (Text-fig. 13). 

The cells within the area of the original entrance portion of the 
optic nerve do not recover their pigmentation and come in direct 
contact with the tips of the optic nerve fibers which is still situating | 
in the choroid. | 

As to the iris-stroma, the blood vessels alone remain somewhat 
congested. In the larva the thin fibrous membrane covering the 
pupillary opening becomes thinner or broken in places. This mem- 
brane is visible more or less distinctly, independently of the process 


of lens-regeneration, in every larva fixed up to 19-21 days after 
operation. 

The swelling and dispersion of pigment granules in cells of the 
iris-epithelium continue and in many cases the cleft formation and 
depigmentation occur around the entire pupillary opening, i.e., includ- 
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ing the venfral part. 

The change in the mid-dorsal pupillary margin of the iris in adult 
eyes (see Table 2) progresses a little further than in the foregoing 
stage (cf. Table 1, p.13): In 6 out of 19 eyes studied, the inner wall 
of the regenerated lens-vesicle is thickened into high cylindrical epi- 
thelium (SaTo’s stage 5). / 


Table 2 
SATo’s stage of 

Material Days after lens-regeneration Total 

17 — 3 i — 4 

19 4 1- —- —- — 5 

. Total 5 8 6 0 0 0 19 

9 1 1 2 

12 - —- — — 3 1 4 


Regeneration of the lens has advanced faster in larvae than in 
adults. As shown in Table 2 (lower half), in 6 out of 7 larval cases, 
the inner wall of the lens-vesicle shows the earliest development of 
lens-fibers (SATo’s stage 6), beginning of the primary lens fiber nucleus | 
in the form of a hillock (Faserhiigel, Sato’s stage 7), or completion 
of the primary fiber nucleus (SaTo’s stage 8). 


5. Stage 5 (Table 3, Plate 1, Fig. 5, Plate 2, Fig. 11). 

This stage includes the period in which the retinal rudiment differ- 
entiates into typical layers. In adults this was found mostly 28 days 
after operation (in all 8 animals fixed 28 days and in 1 case each in 
the materials fixed 25 and 35 days after operation). In larvae this 
stage, somewhat overlapping the foregoing stage 4, was found in 4 
out of 5 cases fixed 14 days after operation, in 2 out of 3 fixed 17 
days and in 1 out of 3 fixed 21 days. 

The thickness of the retinal rudiment increases in its entirety, 
obliterating the difference between caudal and cranial halves. The 
differentiation occurs at first in cells of the ganglion cell layer and 
of the nuclear layer, which are separated from each other by the 
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formation of the inner molecular layer lying between them. Simul- 
taneously or somewhat later, the outer molecular layer becomes 
differentiated and the nuclear layer is divided into the inner and the 
outer layers. The layers of rods and cones appear. At this stage, 
the ganglion cell layer and the outer nuclear layer are 2-3 cells thick 
and the inner nuclear layer 3-4 cells thick. The nerve-fiber layer 
with the internal limiting membrane is also formed but the external 
one cannot yet be detected. In the adult, the differentiation of the 
retinal layers begins in the region where the rudiment is derived 
from the pigment epithelium. In the larva, the initial site of differ- 
entiation varies; in many cases it first occurs in the anterior region 
where the rudiment has been formed by the extension of the pars 
ciliaris. 

At the posterior portion of the eye, the differentiated nerve-fiber 
layer and the molecular layers mentioned invade the choroid tissue, 
where the original optic nerve-fibers remain. 

The pigment epithelium of the retina recovers completely in its 
entirety z¢., including the region of the operative wound. In the 
region where the rods and cones of the retina are differentiated, the - 
pigment epithelium forms typical processes directed toward them. 

The pigment epithelium of the iris also begins to recover its 
original state, and only the separation of the two lamellae and de- 
pigmentation especially of the inner lamella in the dorsal pupillary 
margin remain for a longer time. 

The regeneration of lens proceeds with a noticeable rapidity from 
the stage of primary fiber formation (SaTo’s stage 7) to the second- 


Table 3 
Sato’s stage of 

Material Days after lens-regeneration Total 
operation 7 9 10 number 

| 25 1 1 

28 1 1 1 5 ‘i 8 

Adults | 35 — — nm id 1 1 

| Total 1 1 2 5 1 10 

14 — 1 3 4 

Larvae 21 1 1 

Total 0 0 1 5 1 7 
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ary fiber formation (SatTo’s stage mia The results observed are 
summarized in Table 3. 


6. Stage 6 (Table 4, Plate 1, Fig. 6, Plate 2, Fig. 12) 

In this stage differentiation of the regenerated retina is completed 
in all parts. In adults, this condition was found in 7 out of 8 cases 
fixed 35 days after operation. In larvae, the same stage was en- 
countered in 4 out of 5 cases fixed 19 and 21 days after operation 
and in 7 larvae fixed 28 and 35 days after operation. 

Table 4 shows the progress of lens-regeneration at this stage. 


_ Table 4. 
SATO’S” Ss stage of 
Days after lens-regeneration 
operation 11 12 13 

Adults 35 5 2 _ 7 
19 — 2 — 2 
21 1 1 2 
28 — 4 — 4 
Larvae 35 1 1 1 3 
Total 2 8 1 11 


Comparing the present results of retina and lens extirpation in 
the larva (lower half of Table 4) with those of Sato’s experiment 
(1940, Table 2, p. 581), in which the lens alone was extirpated in the 
larva, a stronger fluctuation of the rate of lens-regeneration is ob- 
served in the present case. 


Though the eye looks quite restored at a casual glance, imper- 
fection in recovery can be pointed out in certain details, especially 
in the cases of adults: | 

i. Cells of the inner lamella of the iris-epithelium (pars iridica 
retinae), especially those of the dorsal iris, remain thickened and 
depigmented. 

li. The separation of the ciliary part from the optical part of 
the retina in the form of ora serrata is still obscure. The condition 
is similar to that of the normal larval eye. 

iii. The connection between the retinal part (medullary part) and 
corneo-scleral wall (mesodermal part) of the eye is provisional and 
remains still posterior to the original position, so that the “iris” is 
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unproportionally broad along the whole extent of the pupil, the an-— 
terior chamber abnormally large and the posterior chamber ab- 
normally small. 


These findings indicate that recovery of the eye has just got under way 
and for its completion, above all, a further growth of the retinal parts is 
needed. The restration of form and proportion, however, seems probably 
dependent upon the rate of recovery of the mesodermal parts of the eye 
which will be dealt with in the following section. 


7. Recovery of mesodermal parts of the eye 

t. Wound-healing at the corneo-scleral juncture 

As we have seen in the previous section, the epidermis of the 
conjunctiva heals promptly along the entire surface of the eye-ball 
(p. 6). The healing of the underlying mesoderm, on the contrary, 
is delayed in different degrees by the presence of the epidermal scar. 
The mesodermal healing begins in the middle part of the eye and 
proceeds cranially. Even in the most successful cases in adults the 
healing begins 10 days after operation. In the adult, a complete 
healing cannot be found even 4-5 weeks after operation, and the 
wound remains still open in the cranial region of the eye where the 
wound edges of the mesoderm are inflected inwardly. But in the 
larva, the wound-healing is already complete in 17 days. 


The process of healing is rather simple. From both edges of the closing 
wound, slender cells of the inner layers of the mesodermal lamellae wander 
out towards each other and unite. The union of the cells takes place gradu- 
ally throughout the whole wound, leaving a distinct scar in which the cells 
are closely and regularly piled up in 6-7 layers. 


2. Swelling and recovery of the cornea and sclera 

The grade of swelling of the corneo-scleral mesoderm and the 
rate of its recovery in adult eyes differ considerably among indi- 
viduals; the former depending upon the rapidity of healing of the 
epidermis and the latter upon that of the mesodermal wound. 


a) Cornea 

The fold of cornea, as described in the adult eye immediately 
after operation (p. 5), is smoothed out whithin a short time probably 
by the distension of the mesodermal layer caused by the operation. 
After a quick and smooth healing of the peri-ocular epidermis, the 
central part of the corneal mesoderm remains only about twice as 
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‘thick as that of the normal eye for 5-7 days after operation, although 
it is occasionally thickened more than 5 folds. In the case of maxi- 
: | | mal swelling, the corneal mesoderm takes the form of a convexo- 
concave lens, and many lacunae and vacuoles of irregular forms are 
| seen between the mesodermal lamellae. 
| The process of recovery of the corneal swelling begins from the 
periphery and spreads toward the central part of the cornea. The 
thickened and more or less widely separated lamellar cells begin at 
first to adhere closely to one another, narrowing the irregular space 
between them. At this time, the nuclei of the cells still remain swollen. 

As the result of the condensation of the lamellae, the nuclei 
become compact and flattened and the mesoderm arranges itself in 
layers of lamellar bundles (Plate 1, Fig. 3). 

With further progress of condensation, the lamellar bundles are 
packed closer and the lamellae regain their regular arrangement. 
Also the nuclei of the lamellae become more flattened assuming a 
spindle form. In general, this course of condensation of mesodermal 
lamellae and flattening of the cornea seems to proceed from the 
inside towards the outside. In some cases the cornea has recovered 
almost completely 3 weeks after operation (Plate 1, Fig. 4). In most 
cases, however, a longer time is required for a complete recovery of | 
the cornea. Even 35 days after operation, the mesoderm may be in 
the thickened state (about double the normal thickness). 

In the larva thickening of the mesoderm is not so marked or 
lasting as in the adult. It reaches at most 2.5 folds that of the 
normal and returns to the original thickness in 4 weeks. 


b) Sclera 
‘The swelling of the sclera is not so marked in extent, and obvi- 

ously delayed in reaching its maximal state, in contrast to the swelling 

of the cornea. i 


In the swelling sclera the separation of the lamellae takes place 
at first in bundles and later in each lamellae. The lamellae in each 


bundle become at first wrinkled, without showing any notable swelling. 
The wrinkling becomes quite conspicuous, when separation of the 
lamellae proceeds further. Mostly at 3-4 weeks after operation, the 
lamellae show the appearance of a network, the mesh of which be- 
comes looser toward the periphery of the tissue. The loosening of 
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the lamellae is much more intensive at the inside of the sclera than 
at the outside (Plate 1, Fig. 3). At the maximal state, the thickness 
of the sclera is about 3 folds that of the normal along the entire 
wall, sometimes excluding the portion near the corneo-scleral junction 
at the caudal end owing probably to the slowness of imbibition of 
water. 

The recovery from swelling begins generally from the peripheral 
regions and extends toward the central part of the sclera. The 
regression of their swelling takes place without making any clear 
bundles as has been found in the cornea. In most cases at the end 
of 5 weeks after operation, the sclera is still about twice as thick as 
normal. 


Together with the recovery in histological structure, the walls 
of the sclera which have at first shrunk and folded become gradually 
smooth and attain the original form about 5 weeks after operation. 
In all these changes of recovery, histological as well as anatomical, 
the lasting increase in tension of the eye-ball by the accumulation 
of aqueous humor seems to play the most important role. : 

In larvae, even in those which have metamorphosed during the 
postoperative culture, the sclera is not yet so well developed as in 
the adult. The larval sclera is soft and elastic, swells only slightly 
and recovers with ease. 


111. Swelling of the choroid and its recovery 


The thickening of the choroid tissue and the congestion of the 
blood vessels become maximal at 5-7 days and continue to be so till 
about the end of the second week after operation. The choroid is 
_ separated into thick lamellae which entwine with each other forming 
an irregular meshwork. Especially in the space between the inner- 
most lamellar layer (chorio-capillaris) and the remaining layers, where 
the tissue-fluid has accumulated (p. 5), the separation of fine laminae 
from both sides of the layers is marked (Plate 1, Fig. 1). 

During the third week (14-21 days) after operation, the congestion 
in the blood vessels declines rather rapidly. Lamellar layers of the 
choroid further dissociate into smaller units producing an appearance 
of an irregular network with increasing small stitches. At the end 
of the week, the laminae in the peripheral portion, #.e. near the root 
of the iris, begin to adhere to one another (Plate 1, Fig. 4). The 
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s 
choroid as a whole becomes gradually thinner during this periods. 


The thinning of the choroid generally continues during the next 
two weeks (from about 21 to 35 days after operation), sometimes 
at different rates in different parts (cf. Plate 1, Figs. 4,5). Laminae 
of the choroid gradually regain their lamellar arrangement beginning 
from the outer surface of the choroid. Blood vessels of the choroid — 
are still congested, while in the chorio-capillaris the blood-circulation 
has fully recovered. In no case, a complete recovery of the choroid 
is found in the adult eye. 

In the larval eye, on the contrary, the recovery advances fairly 
rapidly. It begins as early as 7-9 days after operation and is almost 
complete within 12-19 days after operation. Choroid-laminae adhere 
to one another forming a thin membrane covering closely the inner 
surface of the sclera. Later no congestion of blood vessels is found. 


iv. Recovery of the iris-stroma and the ligamentum pectinatum 
iridis 

In adult as well as in larval eyes, the blood vessel in the iris- 
stroma remains in congestion up to the last day of conservation of 
the materials (35 days after operation). 

The connective tissue of the ligamentum pectinatum, which is 
thickened and loosened, is also far from a complete recovery at that 
time (35 days after operation) in both larval and adult materials, 
although the tissues gradually become more compact. In general it 
seems that recovery of the ligamentum occurs somewhat more rapidly 
in the ventral region than in the dorsal. 

Although it may require much more detailed experiments to prove 
it, the swelling of the parts seems rather to be caused by physico- 
chemical changes in the tissue environment such as osmotic changes, 
and for their recovery re-establishment of the blood-supply in the 
eye probably plays the main role. Through the restoration of blood- 
circulation, which may require variable lengths of time, the circulation 
and accumulation of aqueous humor are enhanced and the mesodermal 
teguments, following the increase in tension rather passively, will be 
stretched and extended outward, so that they will regain the original 
form and size. 


As the pigment epithelium of the retina is thin and soft in itself, and is 


firmly underlaid with the choroid, it easily follows the stretching of the latter, 
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Thus the form of the posterior eye-chamber will be re-established. On the 
contrary, the question regarding the recovery of the anterior eye-chamber 
is left open. For the forward shift of the root of the iris, it is not certain 
whether the root can migrate back to the original site of attachment or 
whether ligament-fibers can actively contract. In any case, it seems to require 
a fairly long time for the recovery process to be completed. 


Ill. Exceptional cases of retina-regeneration in the larval newt 
(Text-figs. 14, 15). | 

As has been seen in the above, the mode of retina-regeneration 
in the larva does not differ from that in the adult and the main 
source of cells for regeneration lies in the pigment epithelium. The 
remnant of the pars ciliaris also provides material for the regenerating 


retina only when the bulbs has not been cut open or when the wound 
has healed very soon after operation. 


However, three cases of larvae were found in which the reverse seems 
to have happened and the main material for the new retina was provided 
by the remnant of the pars ciliaris. Two such cases will be described some- 
what in detail since the other is similar. 

The first case (1951 t-35b) was found among larvae fixed 12 days after 
operation (Text-fig. 14) and the second (1951 t-31, Text-fig. 15) among those 
fixed 19 days after operation. As seen in the figures, a large mass of retinal 
cells has regenerated obviously along the periphery of the remnant of the 


Fig. 14. An exceptional case of retina-regeneration. 
The medial section through the larval eye 12 days after 
operation (1951, t-35b). x80. 
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Fig. 15. The medial section of another exceptional 
case of retina-regeneration. A larval eye 19 days after 
Operation (1951, t-31). x80. 


pars ciliaris extending posteriorly along the inner surface of the pigment 
epithelium almost as far as the optic nerve head (reaching the lines indicated 
by *)., In this cell mass the differentiation of retinal layers is beginning (in 
the first case) or already completed even into the rod and cone layers (in 
the second case). 

In contrast to the ordinary cases as shown in the ventral half of the 
Text-fig. 14, the pigment epithelium, which participated in the formation of 
the retinal cells at the posterior part of the eye, has remained very small. 
In such cases the differentiation of the retinal layers is somewhat delayed 
at the posterior part as well as in the anterior mass of the retina derived 
from the pars ciliaris. 


An active participation of the pigment epithelium is seen in the 
dorsal half of Text-figs. 14 and 15, which obviously has resulted in 
a overproduction of the retinal tissue. The pigment epithelium of 
the posterior part of the eye is depigmented and thickened at first 
as usual, though it has been covered at least in part by the extend- 
ing cell layers from the pars ciliaris (Text-fig. 14). Cells of the 
pigment epithelium begin to proliferate vigorously before they sepa- 
rate into definite layers of the retinal rudiment and the new pigment © 
epithelium. This cell mass fuses with the retinal cell mass which 
originated from the pars ciliaris at various places, most often at the 
fundus near the optic nerve head. Careful observation reveals that 
the retinal differentiation in the cell mass derived from the pigment 
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epithelium is reversed in its orientation. The inner molecular and 
outer molecular layers are seen facing backward directly against the 
choroid, and the rods and cones are differentiating in the inner surface 
of the mass (Text-fig. 15). 


All these findings agree closely with the description of WaAcHs 
(1920) in the larva of Triton taeniatus in that the main part of the 
regenerated retina is formed from cells derived from the remnant 
of the pars ciliaris and that at the fundus of the eye, the regenerating 
retina gains cell material for further growth from the pigment epi- 
thelium to the extent that the possibility of bringing about the for- 
mation of a supernormal retinal mass is provided in the posterior 
part of the bulbus (Wacus 1920, p. 350-360). 


DiscussION AND CONCLUSION 


1. On the origin of cells for retina-regeneration. 

The view of Wacus on the source of the regenerating retina 
has been sharply opposed by Stone (1950 a,b) who has concluded 
that the pigment epithelium is the only source of the regenerating 
retina in the adult newt. To discuss this diversity of opinions, it is 
-necessary to remind of the difference of methods adopted by the two 
authors. 

In the experiment of Wacus, the retina and lens in toto were 
pressed out through a small slit in the side wall of the posterior 
eye-chamber. In that of Stone, they were removed after cutting 
open the dorsal half of the eye-ball. Both methods have advantage 
and drawback. With Wacus’ method one can not avoid the fluctua- 
tion in the amount of the remaining pars iridica and pars ciliaris 
(Wacus loc. cit., p. 347-348) which may affect the outcome of the 
experiment. On the other hand, Wacns’ method has the great 
advantage of limiting the extent of the wound, especially in the 
pigment epithelium which is considered to be the main subject of 
the present discussion. The reverse can be said to Stone’s method. 

In the author’s experiment the incision for the extirpation of the 
retina and lens is made in the cranial half of the eye. Roughly 
speaking, the pigment epithelium suffers injury only in the cranial 
half so that the caudal half remains intact. 

The results of the experiment in adult animals now reveal that 
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in the caudal half of the eye the regeneration of the cell layer from 
the pars ciliaris occurs around the whole semicircumference of the 
ora serrata, while in the cranial half they are entirely arrested. That 
is to say, in the region where the pigment epithelium remained 
“uninjured,” the material of the regenerating retina is provided by 
both the pars ciliaris and the pigment epithelium, while in the region 
where the pigment epithelium was cut open the entire material for 
the future retina is provided by the pigment epithelium alone. 

In the larval eye in which the wound of the pigment epithelium 
heals very rapidly and smoothly, the cells from the pars ciliaris pro- 
liferate vigorously. No difference is found between the operated and 
unoperated halves of the eye: The regeneration caused by the pars 
ciliaris occurs in the cranial half as well as in the caudal half of the 
eye. 

In short the present experiment shows that the material for re- 
generation of the retina is derived from two different sources, one 
from the pars ciliaris and the other from the pigment epithelium so 
long as the latter has remained “intact” or healed very soon after 
operation. If the wound closure of the pigment epithelium takes a 
longer time, the pars ciliaris as source of the material is excluded 
so that the retina-regenerates from the pigment epithelium alone. 
The reason for the difference between the findings of Wacus and 
Stone thus seems to be fairly well explained. 

There remains one important point which makes the above- 
mentioned explanation difficult to generalize. If the above 
explanation is valid also in the case of a horizontal incision of 
the bulbus (as Stone has done) it can be expected that the 
provision of material by the pars ciliaris should be noticed in the 
whole ventral half of the eye. However, Stone positively denies 
this. Whether or not a species-specific difference was responsible 
for the discrepancy of the outcome must await further studies. 

Another point which needs closer examination is the following: 
Wacns obtained cases in which the retina regenerated from the iris 
alone, i.e., without any participation of the pigment epithelium. The 
material for regeneration derived from the iris makes at first a dish 
shaped retinal rudiment in the pupillary opening: “eine Schale, die 
ringsum Kontakt mit der Iris hat und die...offenbar von dem inneren 
Blatte der Iris dauernd Zuwachs erhalt....Die Anlage der neuen Retina 
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wachst im ganzen Umkreis der Iris. Indem die neue Retina sich bei 
ihrem Wachstum dem alten Tapetum immer dichter anschmiegt, ist 
sie nun selbst aus der Form einer fllachen Schale in die Gestalt eines 
Bechers mit eingebogenem Rande iibergegangen. So stellt sie nun 
wieder wie ehemals die innere Wandung des Augenbechers dar” 
(Wacus 1920, p. 343). Although Wacus placed great emphasis upon 
this mode of regeneration as if it were a normal outcome of the 
experiment, such could never be found in our cases. As we have 
seen above (p. 24), in adult as well as in larval eyes participation 
of the pigment epithelium in retina-regeneration is indispensable, 
irrespective of the amount. The question whether the difference in 
technique alone or the difference in species used is responsible for 
the disagreement of the results must be left open. 


2. On retina-regeneration from the pigment epithelium. 

Regarding the process of regeneration of the retina from the pig- 
ment epithelium, the author’s result agrees well with that of STONE 
(1950 b). The most important and noteworthy process is the sepa- 
ration of the pigment epithelium into two distinct layers of the future 
retina and the new pigment epithelium. This process is initiated by 
the depigmentation of the original pigment epithelium along the whole 
extent where contact with the over lying retinal layer is lost. 

Wacus has rightly recognized the importance of the depigmen- 
tation-process as a true dedifferentiation (“Entdifferenzierung’’) of 
the pigment epithelium (Wacus 1920, p. 370*) and pointed out that 
the same process is found also in the iris epithelium at the time of 
lens-regeneration (p. 352). Since his description of changes of the 
pigment layer (p. 353) is rather short and incomplete, it is difficult 
for the author to agree readily with his view. 

He considered retina-regeneration from the pigment epithelium 
in connection with cell-proliferation from the edge of the accidental 
split in the pigment epithelium (Wacus 1920, p. 350-353, 358) and 
treated it like the retina-regeneration from the iris or pars ciliaris 
(loc. cit. p. 356-357). 


According to him at the edge of the wound or wounds, the epithelium 
was depigmented and thickened, and cells with round nuclei proliferated very 


* STONE has agreed (1950a, p. 101) with this opinion of WACHS. 
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actively, sometimes forming more than one layer. These cell layers folded 
inward and fused with those which had been derived from the iris or pars 
ciliaris so that the above-cited cup-shaped rudiment of the new retina could 
grow also by accretion of cells from the pigment epithelium. He assumed 
that sometimes the cell-layers or cell masses invaginated from the wound 
edge into the eye-chamber and extended along the inner surface of the pig- 
ment epithelium to give rise to the rudiment of the new retina at the fundus 
of the eye. Such an invagination of the cell layers was assumed further to 
result in formation of folds with the free edges or a closed vesicle. 


Thus, it seems that Wacus admitted the participation of the 
pigment epithelium only when it had been torn by unskillful oper- 
ation and only in the way that the new retina is provided by de- 
pigmented cell layers extending from the wound edge covering the 
inner surface of the original pigment epithelium. 

This agrees with the author’s observation (p. 10) of the inward 
turning of the cell layer at the edge of the wound. But the for- 
mation of the retinal rudiment from the pigment epithelium is by no 
means motivated by the wound. Indeed among Wacus’ illustrations 
cases can be easily pointed out in which the new retinal rudiment 
at the fundus of the eye must have been derived from the pigment 
epithelium in the usual way (for instance Wacus 1920, Table XV, 
Figs. 14, 15 and Table XVIII, Figs. 27 a, 27 b), although he ascribed 
its origin to the cells invaginated from the wound edge of the 
pigment epithelium. On the contrary, there is no case in the experi- 
ments of Wacus as well as of the author which substantiates Wacus’ 
opinion that the invaginated cells regenerate along the inner surface 
of the pigment epithelium. 


3. Formation of the retinal rudiment by the cell layer extending 
out from the pars ciliaris. 

It is possible to follow a cell layer which originates from the 
pars ciliaris and extends* into the space earlier occupied by the 


* This extension occurs only before the pigment epithelium shows re- 
generative changes; after which it is hindered by the epithelium which is 
giving rise to the rudiment of the new retina. This seems to be the reason 
why STONE never found in the autoplastically or homoeoplastically trans- 
planted eye the extension of cell layers from the surviving pars ciliaris in the 
process of retina-regeneration after total distraction of the retina (STONE 
1950 a, p. 102, 103). Since the degeneration generally begins in the central 
portion and spreads toward the ciliary margin of the retina as he has shown 
(p. 93, 94), it may easily be supposed that the pigment epithelium at the 
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optical part of the retina and thus comes in contact with the pigment 
epithelium. By the latter a further advance of the cell layer is 
hindered. Both layers are piled at their borders producing the 
characteristic feature of a “splayed-joint” (p. 9). The layers of the 
pars ciliaris and of the pigment epithelium contribute later to the 
formation of the new retina. 

Strictly speaking, the cell layer extending out from the pars 
ciliaris is not composed purely of cells proliferated from the remnant 
of the original pars ciliaris but is mixed with those which are derived 
from the inner surface of the pigment epithelium covering the pars 
ciliaris (p. 6). 


4. On the retina-forming ability of the pars ciliaris. 

From the standpoint that the pigment epithelium of the retina is 
the only source of the new retinal tissue, Stone has repeatedly 
stressed that the opinions of Wacus (1920), Sato (1933) and Monroy 
(1939) on the possibility of retina-formation from the pars ciliaris in 
the larval eye is not applicable to the adult eye (Stone 1950 a, 
p. 102-103, Stone 1950b, p. 23-24). According to him the grafts of 
the iris in the eye-chamber of the adult do not form retinal tissue. 

R. Reyer has recently joined Stone in insisting that retina-forma- 
tion from the intra-ocular implant of the dorsal iris occurs only very 
seldom in the larval material, but not at all in the adult Tviturus 
viridescens (REYER 1956, p. 156, 165). 

In adult Triturus pyrrhogaster, however, Sato has demonstrated 
that the dorsal iris graft can frequently give rise to the new retina, 
if it contains the pars ciliaris (Sato, 1951, p. 36). A further evidence 
for this possibility was obtained in the present study. 

In a case fixed 21 days after operation (1948, A-58), a super- 
numerary lens and a heterotopic mass of retinal cells were formed 
side by side at an edge of the wound in the region of the pars 
ciliaris, the former being formed from the pigment epithelium and 
the latter from a fold of a proliferating cell layer of the pars ciliaris. 


The operated eye shows differentiation of new rudiments of the retina 
and the pigment epithelium (Stage 4), and a lens-vesicle with thickened 


fundus of the eye has an advantage in time over the periphery of the eye 
where the extending of the pars ciliaris must be resisted by the remnant of 
the retina. 
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Fig. 16. The regenerating lens vesicle (Stage 5) from the mid-dorsal 
margin of the pupil in the eye shown in Text-fig. 17. x60. 


Fig. 17. The supernumerary lens-formation at the wound edge of the 
pigment epithelium (Stage 4 of retina-regeneration, 21 days after operation, 
1948, A-58). x60. 


inner wall (SATO’s stage 5) form the mid-dorsal margin of the pupil (Text- 
fig. 16). 105 s caudal from the center of the pupil, another lens-vesicle of 
approximately the same stage is found (Text-fig. 17). This supernumerary 
lens-vesicle* is formed from the pigment epithelium at the posterior margin 
of the dorsal wound, the healing of which is prevented by thin layers of the 
iris-stroma mixed with some cells derived from the ligamentum pectinatum. 


In the neighbourhood of the wound, the pigment epithelium is 
thickened and formes 2-3 layers of almost completely depigmented 
cells, inwardly to the pars ciliaris which has made some small folds 
at its cut end. Cells of the pars ciliaris are mixed with those from 
the pigment epithelium and form a small, globular mass of cells 


which obviously shows differentiation into retina. This mass of retinal 


* One more case of supernumerary lens formation is found in the present 
experiment (1948, A-27, 28 days after operation). However, this case does not 
show the formation of the retinal mass from the pars ciliaris. The state in 
which the supernumerary lenses were found fit in well with the cases men- 
tioned by Y. K. OKADA (1935), where the dorsal iris was incised at the height 
of the pars ciliaris in the adult eye from which the lens had been extirpated 
simultaneously and the wound was held open. Indeed in the present cases 
the incision was made inadvertently at the place mentioned before (see Text- 
fig. 17). 
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cells is located very close to the lens-vesicle but there is no sign of 
cellular fusion between the cell mass and the vesicle. 

Thus at least in Triturus pyrrhogaster the retina-forming ability 
of the pars ciliaris is undeniable, and the role of the pars ciliaris 
must be equally valued as that of the pigment epithelium in the reti- 
na-regeneration. Of course the question whether this conclusion can 
be generalized for other species must remain open for further investi- 
gations: The work of Reyer shows clearly enough that there are 
differences in the ability of the retina-formation from the pars ciliaris 
in different species and in different stages of development. 


SUMMARY 


1. In the adult and larval newt, Triturus pyrrhogaster, the mode 
of restitution of the eye after complete excision of the retina and 


lens was studied. The operation was done by cutting open the cranial 
half of the eye-ball. 

2. The material for regeneration of the retina is derived, at least 
in this species, from two different sources: the pigment epithelium 
of the retina and the remnant of the pars ciliaris. However, the pars 
ciliaris provides the material only when the bulbus has not been cut 
open (in the caudal half of the larval and adult eyes) or when it has 
healed very soon after operation (in the cranial half of the larval 
eye). 

3. The process of restitution of the eye was described in six 
stages according to changes in the pigment epithelium of the retina. 

4. Before the retinal differentiation is completed, the mid-dorsal 
part of the pupillary margin begins to lose pigment and differentiates 
new lens. In the larval eye the restitution is more rapid than in the 
adult. 

5. Discrepancy in the findings of Wacus and Stone regarding the 
origin of cell material for retina-regeneration, was discussed in the 
light of the present results. 

6. In three exceptional cases in the larvae the main material for 
the new retina was provided by the remnant of the pars ciliaris. 

7. Swelling of the mesodermal parts of the eye after operation 
and subsequent thinning in the phase of recovery were described. 

8. In two cases of adults. supernumerary lens-formation by un- 
usual healing of the retinal pigment epithelium was observed, 
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EXPLANATION OF PLATES 


Plate 1 (Plate-figures 1-6) 

Stages of retina-regeneration in medial sections of adult eyes. x25 

Fig. 1. Stage 1, 7 days after operation (1948, A-72). Spreading of the cell- 
material derived from the pars ciliaris (indicated by arrow). The denuded 
epithelium is thickened. 

Fig. 2. Stage 2, 10 days after operation (1948, A-59). Formation of the 
“splayed-joint” (indicated by arrow). The pigment epithelium is further 

| thickened and appears lighter in pigmentation. 

Fig. 3. Stage 3, 14 days after operation (1948, A-51). Further depigmenta- 
tion and loss of the “splayed-joint.” First appearance of depigmented 
cells at the pupillary margin of the dorsal portion of the iris (SATO’s stage 
3). 

Fig. 4. Stage 4, 21 days after operation (1948, A-67). Formation of new 
retinal rudiments and the pigment epithelium. The pupilary margin of 
the dorsal iris is at stage 4 of lens-regeneration. 

Fig. 5. Stage 5, 28 days after operation (1948, A-38). Note differentiation 
of the retinal layers beginning in the fundus of the retinal rudiment. The 
lens-regeneration at stage 10. 

Fig. 6. Stage 6, 35 days after operation (1948, A-14). Complete differentia- 
tion of the regenerated retina. The lens-regeneration shows stage 11. 


Plate 2 (Plate-figures 7-12) 

Stages of retina-regeneration in medial sections of larval eyes. x80 

Fig. 7. Stage 1, 24 hours after operation (1951, t-43). 

Fig. 8. Stage 2, 7 days after operation (1951, t-52). 

Fig. 9. Stage 3, 9 days after operation (1951, t-48). The pupilary margin of 
the dorsal iris forms a lens vesicle (SATO’s stage 5). 

Fig. 10. Stage 4, 12 days after operation (1951, t-51). The pupilary margin 
of the dorsal iris shows stage 7 of lens-regeneration. 

Fig. 11. Stage 5, 17 days after operation (1951, t-28). Onset of differentia- 
tion of the retinal layers indicated in various parts of retinal rudiment. 
The lens-regeneration at stage 10. : 

Fig. 12. Stage 6, 19 days after operation (1951, t-32). The lens-regeneration 
shows stage 12. 
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THE EFFECTS OF PEPSIN AND TRYPSIN ON 
- THE INDUCTIVE ABILITY OF PENTOSE 
NUCLEOPROTEIN FROM 
GUINEA PIG LIVER” 


YUJIRO HAYASHI??® 


Biological Institute, Faculty of Science, Nagoya University, Nagoya 


INTRODUCTION 


In the course of studies on the chemical nature of embryonic 
induction, BRAcHET (1943) found a correlation between the inductive 
ability of various samples and the amount of pentose nucleic acid 
(PNA) present in the samples. From this finding together with the 
observations on the distribution pattern of PNA in the developing 
embryos etc., it has been generally assumed that PNA is closely 
linked to the mechanism of induction, especially to that of archen- 
cephalic induction. 

On the other hand, a considerable amount of data has accumu- 
lated, which throws doubt on active participation of PNA in the 
mediating mechanism of induction. The first group of data are de- 
rived from experiments in which incubation with ribonuclease of 
tissue pieces, homogenates or extracts failed to show a suppression 
of the inducing ability of these samples (Kuusi 1951, 1953; Bracuert, 
Kuusi and Goruit 1952; Hayasui 1955; ENGLANDER and JonNEN 1957; 
Vans 1957). Ina unique type of experiments LALLIER (1954) obtained 
neural inductions by implanting devitalized organizers which were 
stained with basic dyes, such as toluidine blue, acriflavine or acridine 
orange. However, no direct evidence was presented to support the 
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argument that these dyes actually blocked PNA in the tissue under 
the conditions employed. Recently TrEDEMANN and TIEDEMANN (1956) 
succeeded in preparing several fractions with different regional effects 
from the chick embryo by a method involving phenol treatment which 
should have removed PNA from these fractions. 

In a further group of experiments PNAs isolated from tissues 
with inducing abilities were tested under different conditions (Kuus! 
1953; YAMADA, TAKATA and Osawa 1954; TIEDEMANN and TIEDEMANN 
1957). The results can be interpreted as speaking against the active 
participation of PNA in induction by the original tissues. Meanwhile, 
- samples of pentose nucleoprotein isolated from the liver and kidney 
of the guinea pig were demonstrated to possess the regional inductive 
effects comparable to those of their original tissue upon the isolated 
ectoderm of the Tviturus gastrula (Hayasui 1956; YamMapDA and Taka- 
TA 1956). Purification of the sample by means of ultracentrifugation 
made it clear that the bulk of pentose nucleoprotein in the sample 
and not the contaminating non-nucleoprotein fraction carries the same 
regional inductive effect as that of the original sample (HayAsui and 
TaKATA, unpublished). Moreover, almost all the morphogenetic ac- 
tivity of the sample was preserved after an exhaustive defatting 
treatment (Hayasui, unpublished), or after an extensive removal of 
PNA from the sample by treating with ribonuclease (HAyAsHI, un- 
published). These facts indicate that pentose nucleoprotein itself 
and its protein moiety in particular carries the regional inductive 
effect of the sample under our experimental conditions. 

In order to test this point more closely, the inductive effects of 
the liver pentose nucleoprotein after progressive treatment with pro- 
teolytic enzymes, pepsin and trypsin, have been tested on the ecto- 
derm isolated from the early gastrula of Triturus pyrrhogaster. 


MATERIAL AND METHODS 


Isolation of liver pentose nucleoprotein. The sample of pentose: 


nucleoprotein of guinea pig liver used in the present experiment was 
prepared according to the technique reported earlier (HAYASHI 1956) 
with a slight modification in its details. The principal procedure 
consists in extraction of the tissue with 0.14 m NaCl, sedimentation 
of pentose nucleoprotein with streptomycin sulphate, repeated wash- 
ing with a solution of streptomycin sulphate, and dialysis against 0,3 
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mM NaCl, during which nucleoprotein is freed from streptomycin sul- 
phate and becomes again soluble. The dialyzed sample was cleared 
by centrifugation for further use. On electrophoresis the sample 
showed a single boundary. Its mobility was calculated in 0.2 « phos- 
phate buffer at pH 7.5 and 2.3 volts/cm. or in 0.2 » borate buffer at 
pH 8.5 and 3.4 volts/cm. and;found to be —5.1~—5.4 (cm?’./sec./v x 
10-°)-in the descending limb and —6.0~ —6.3 in the ascending limb 
(Hayasur and TaAKATA unpublished). The chemical data on the 
sample are reported elsewhere. In the following experiments a solu- 
tion of pentose nucleoprotein in 0.3 m NaCl adjusted to pH 7.6 with 
a borate buffer was used, in which the protein content is estimated 
to be 0.06~0.1%. The technical details of the treatment of the 
sample with pepsin and trypsin are described in the corresponding 


sections. 


Embryological Technique. A piece of the sample stored for not 
more than 6 days in cold ethanol was washed thoroughly in Ho tt- 
FRETER’S Solution, and placed between two pieces of the presumptive 
ectoderm isolated with glass needles from the early gastrula of 777- 
turus pyrrhogaster. The average diameter of the ectoderm piece 
measured about 1 mm. and that of the implant about 0.4mm. The 
explants thus prepared were cultured in sterile HOLTFRETER’s solu- 
tion adjusted to pH 7.2~7.3 for 10 to 12 days at 18° C. All surviving 
explants were studied in sections after the routine microscopical 
procedures. On microscopic examination, structures induced in the 
explants were classified according to the criteria adopted at our labo- 
ratory, which have been published in part in papers of YAMADA (1950 
a, b), YAMADA and TaKaTa (1955 a) and Hayasnur (1957 a). Two 
pieces of isolated ectoderm fused together without an implant dif- 
ferentiated under the present culture conditions only epidermal cells 
(YamMaADA, 1950 a, b; YAMADA and TaxkaTa, 1955 a; Hayasui, 1955, 


1956). 
EXPERIMENTS 


I. Experimental Series with Pepsin. 


Procedures for preparing samples (Table 1). The pentose nu- 
cleoprotein solution was supplemented with 0.1% pepsin, adjusted to 
pH 4.0 by adding n/10 HCl and incubated at 28° C. for 30, 60 and 120 
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minutes. At the end of each incubation period, n/10 NaOH was added 
to adjust the pH to 7.5~7.6, and cold 95% ethanol was added up to 
70% for precipitating the sample. The sediment was collected by 
centrifugation and preserved in cold 95% ethanol. The samples were 
called Pep(30), Pep(60) and Pep(120) respectively according to the 
incubation period. To prepare the control samples, an aliquot of the 
same pentose nucleoprotein solution was adjusted to pH 4.0 and 
incubated at 28° C. for 120 minutes without pepsin. At the end of 
incubation, the pH was reversed to 7.5 and the amount: of pepsin 
equivalent to that of experimental series was introduced. Cold 
95° ethanol was then quickly added up to 70%. The precipitate was 
centrifuged down and preserved in cold 95% ethanol (ConPep). 


Table 1. Survey of the Experimental Series and their Controls 


Series Enzyme Incubation | Remarks 
| pepsin added after pH 7.5-7.6 
incubation 120 min., PH 4.0) After incubation 
Pep(30) pepsin 30 min., pH 4.0; 
Pep(60) | 60 min., pH 4.0) 
Pep(120) | (120 min., pH4.0) 
H-NP | — | — heat-treatment 
ConTr(30) 30 min. heat-inactivation 
ConTr(60) " " 60 min. | " " 
1 | trypsin, 0.001% | , | 
ConTr(30)-1 added after incubation | 30 min. | 
Tr(30) trypsin, 0.019% min. " 
Tr(60) | 60 min. 
Tr(120) | " 120 min. 
Tr(30)-1 trypsin, 0.001% 30 min. " " 


Sertes ConPep: Control for pepsin treatment. The results are 
summarized in Table 2. Archencephalic inductions were obtained at 
a very high frequency together with a small number of deuteren- 
cephalic inductions. In almost all the explants with the archencephalic 
tendency, eye-type, fore-brain-type or their combination was observed 
(Fig. 1). 
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Fig. 1. Induction of archencephalic structures (eye-, 
fore-brain-, and nose-type) by the control sample (liver 
pentose nucleoprotein) for pepsin-treatment, ConPep. 


Series Pep(30): Effects of 30 minutes’ treatment with pepsin. 
Compared with ConPep, a clear reduction in the archencephalic effect 
was observed (Table 1). The frequency of the eye-type induction 
was significantly reduced. As to the fore-brain-type the observed 
reduction in the frequency was found to be not significant, although 
a general reduction in its size was apparent. Concomitant with the 
reduction in the archencephalic frequency, the mesenchyme frequency 
increased significantly. 


Series Pep(60): Effects of 60 minutes’ treatment with pepsin. 
In this series the implant was often extruded from the explants. 
This was not the case in the control as well as in the preceding 
series. The explants which extruded implants within three days 
after operation were carefully excluded from the present data. Out 
of 31 explants only 6 retained their implants until the end of 12 days’ 


culture. 

As indicated in Table 2, a further suppression of the inductive 
effect of the sample was noted. This was especially clear in the 
reduction of the frequency of total neural induction. As the total 
frequency of non-neural structures such as mesenchyme and melano- 
phores was not much changed, the frequency of explants with these 
structures alone increased from 6% in the control series to 32% of 
the present series. It must be mentioned that even in the cases 
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Table 2. Effects of Pepsin on the Inductive Ability of 
Pentose Nucleoprotein of the Liver 


Experimental Series ConPep Pep(30) Pep(60) Pep(120) 


No. of available explants 70 51 31 47 
No. of explants with any , 70 50 28 40 
induction (100%) (98%) (90%) (859%) 
No. of explants with neural ~ 66 45 17 20 
induction (794%) (88%) (55% ) (43%) 
No. of explants containing . 
induction types: ¢ 
Eye 31 2 4 1 
Fore-brain 42 18 5 0 
Nose 15 1 2 0 
Lens 19 0 2 1 
Pigment vesicle 7 8 4 5 
Placode or neural fragment 35 10 7 5 
Non-specifiable brain 17 19 5 11 
Superficial neural epithelium 2 1 7 6 
Winding neural tube 4 2 0 0 
Hind-brain 5 0 0 0 
Ear vesicle 0 1 0 0 
; Mesenchyme 25 41 14 13 
. Melanophore 30 23 26 25 
| 
No. of explants with 53 25 9 6 
| archencephalic induction (76% ) (49% ) (29% ) (13% ) 
| No. of explants with © : 9 2 0 0 
deuterencephalic induction (13%) ( 4%) 
| No. of explants without 13 21 19 34 
| regional character (199% ) (41%) (61% ) (72% ) 


| where clearly specifiable archencephalic structures were induced, 
they were restricted to a very small area of the explants. 

Out of the 6 explants which retained their implants throughout 
| the course of cultivation, only 2 contained neural stuctures, while 
; others showed differentiation of mesenchyme and/or melanophores 

alone. On the other hand, of the’/24 explants which lost their im- 
plants during the later course of cultivation, 15 explants differentiated 
- neural structures, and 8 explants mesenchyme and/or melanophores 
alone, while 2 explants showed no induced structures at all. It ap- 
pears thus probable that the absence of the implant in the later phase 
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of cultivation did not affect the outcome of the present experiments, 
in accordance with the generally accepted knowledge of embryonic 


induction. 


Series Pep(120): Effects of 120 minutes’ treatment with pepsin. 
Here also the implant was often extruded from the explants. Again 
care was taken to exclude explants which extruded their implants 
within three days after the operation from the data. Only 7 explants 
out of 47 retained their implants throughout the course of cultivation. 

The results presented in Table 2 indicate that suppression of the 
archencephalic effect was nearly complete. In one explant a small 
eye-type structure accompanied by a lentoid was exceptionally in- 
duced. Archencephalic induction in other explants was represented 
only by the pigment vesicle which is assumed to be a weaker ex- 
pression of archencephalic tendency. Other neural structures induced 
were rather chaotic in organization suggesting that the inductive 
effect was derived from the subcytolytic stimulus. In many explants 
only mesenchyme and/or melanophores were induced (Fig. 2). Al- 
though between the present series and that of Pep(90) the difference 
in the frequency of neural or archencephalic induction was statistically 
insignificant, the same was significant between series Pep(30) and 
Pep (120). 


Fig. 2. Induction of mesenchyme and melanophores 
by liver pentose nucleoprotein treated 120 min. with pepsin 
(Pep(120)). No neural tissue is present in the explant. 
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The effect of pepsin-treatment on the regional inductive activity 


of liver pentose nucleoprotein is graphically presented in Fig. 3. It 
is evident that a progressive inactivation occurs during incubation 


ConPep(i20) 


Pep(30) 


Pep(60) 


Pap(!20) 


K,_G Arenencepnatic 
Deuterencephalic Se Non-specifiable 


Fig. 3. Diagrams showing progressive suppression of the inductive 
effects of liver pentose nucleoprotein by a pepsin-treatment. The induc- 
tion frequency of each type is expressed by the percentage of the number 
of the explants containing the type of induction in question against the 
total number of explants in the series concerned. 
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with pepsin. That hydrolysis of the protein component of the sample 
was actually going on during incubation with pepsin, is suggested 
by chemical determination of the PNA contents of samples ConPep 
and Pep (120), which were found to be 95.1 wg. and 198.2 ug. of PNA- 


P per mg. protein-N respectively. 


II. Experimental Series with Trypsin. 


Procedure for preparing implants (Table 1). The starting sample 
for the trypsin series was the same as in the preceding section. In 
preliminary experiments the liver nucleoprotein solution was incu- 
bated with 0.01% crystalline trypsin (Worthington Biochemical) at 
pH 7.6 (m/20 borate buffer) and 28° C. for 5, 10, 15 and 30 minutes. 
At the end of each incubation period, cold ethanol was added to give 
the final concentration of 70% and the precipitate formed was cen- 
trifuged down. As the controls for these samples, another aliquot 
of the nucleoprotein solution was incubated without adding trypsin 
under otherwise comparable conditions. At the end of incubation 
periods an equivalent amount of trypsin was introduced, which was 
followed by cold ethanol. The precipitate was collected by centrifu- 
gation and preserved in 95% cold ethanol. All samples were tested © 
for inductive effects after a thorough washing in sterile Holtfreter’s 
solution. In the series of 5 minutes’ incubation the original inductive 
effect of pentose nucleoprotein was completely abolished except in- 
duction of some melanophores. A closely similar result was obtained 
also with its control sample. The same was true also for samples 
of longer incubation periods and their controls. From these results 
it was suggested that trypsin was adsorbed to the sample and attacked 
the latter during the course of operation and culture, or that trypsin 
in the sample exerted its effect directly upon the reacting ectoderm. 
At any rate it was found necessary to inactivate trypsin irreversibly 
at the end of incubation. This was conveniently done by heating 
the incubated samples in 95% ethanol at 85° C, for 5 minutes. In 
order to control the effect of heating, the ethanol-precipitate of pen- 
tose nucleoprotein was dispersed in 95% ethanol and heated for 5 
minutes at 85°C. The inductive effect of this sample, H-NP, was 
compared with that of the unheated ethanol-precipitate of pentose 
nucleoprotein, NP. | 

In the experimental series the mixture of pentose nucleoprotein and 
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trypsin prepared as above described for the preliminary experiment 
were incubated at 28° C. for 30, 60 and 120 minutes. After incubation 
95% ethanol was added to give the final concentration of 70%. The 
precipitate was gathered by centrifugation, dispersed in 95% ethanol 
and heated at 85° C. for 5 minutes. The suspension was quickly 
cooled and centrifuged. In the control series the nucleoprotein solu- 
tion was incubated without trypsin for 30 and 60 minutes at the same 
temperature. Then the solution was supplemented by an equivalent 
amount of trypsin. Precipitation with ethanol and heating of the 
precipitate were done in exactly the same way as in the experimental 
series. The samples incubated with the enzyme were designated as 
Tr(30), Tr(60) and Tr(120) according to incubation periods, and 
the control samples as ConTr(30) and ConTr(6). The samples 
preserved in cold 95% ethanol were used within 6 days after pre- 
paration. 

In a separate series a similar incubation was done using trypsin 
at the concentration of 0.001%. In this case only one sample of 30 
minutes incubation and its control were prepared which were called 
Tr(30)-1 and ConTr(30)-1. 


Series NP and H-NP: Effect of Heating. The results are sum- 
marized in Table 3. The heat-treatment completely suppressed the 


Table 3. Effects of Heating for 5 Minutes at 85° C. 
in 959 Ethanol on the Regional Inductive 
Activity of Pentose Nucleoprotein 


Experimental Series NP H-NP 
No. of available explants 41 28 
No. of explants with . 41 28 

any induction (100% ) (100% ) 
No. of explants with 41 28 

neural induction (100% ) (100% ) 


No. of explants containing 
induction types: 


Eye 16 28 
Fore-brain 23 23 
Nose 3 6 
Lens 6 19 
Pigment vesicle 5 0 


¥ 
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Table 3. (Continued) 


Experimental Series NP H-NP 


No. of explants containing 
induction types: 


Placode 

Non-specifiable brain 
Superficial neural epithelium 
Winding neural tube 
Hind-brain 

Ear vesicle 

Mesenchyme 

Melanophore 


No. of explants with 
archencephalic induction 


No. of explants with 
deuterencephalic induction 


No. of explants without 
regional character 


Fig. 4. An eye-type and fore- Fig. 5. Archencephalic induction 

brain-type structures induced by a_ by the control sample (liver pentose 

heated sample of liver pentose nu- nucleoprotein) for trypsin-treatment, 

cleoprotein, H-NP. ConTr(60). Eye-, fore-brain-type 
3 structures with a lentoid. 
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22 0 
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1 0 
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deuterencephalic effect present in sample NP and increased its 
archencephalic effect. The very high over-all induction frequency was 
left unchanged. In all the explants of series H-NP the eye-type 
structure was induced suggesting an intensive archencephalic effect 


of the sample (Fig. 4). 


Series ConTr(30)-1, ConTr(30) and ConTr(60): Controls for 
trypsin-treatment. As is shown in Table 4, all the samples induced 
archencephalic structures as frequently as in the preceding series, 
H-NP (Fig. 5). Slight differences in frequencies of neural and 
archencephalic inductions between these series and H-NP were not 


Table 4. Controls for Trypsin-Treatments: Inductive 
Effect of the Liver Pentose Nucleoprotein 
after Incubation at 28° C. 


Experimental Series ConTr(30)-1 ConTr(30) ConTr(60) 
No. of available explants oe 45 50 
No. of explants with 25 45 50 
any induction (100% ) (100% ) (100% ) 
No. of explants with 25 45 46 
neural induction (100% ) (100% ) (92% ) 


of explants containing 


Eye 23 40 39 
Fore-brain 21 33 37 
Nose 3 19 18 
Lens 19 15 15 
_ Pigment vesicle 0 3 1 
Placode 9 24 24 
Non-specifiable brain 4 4 2 
Superficial neural epithelium 0 0 0 
Winding neural tube 0 2 0 
Mesenchyme 1 10 18 
Melanophore 8 18 24 
No. of explants with 24 43 42 
archencephalic induction (96% ) (96% ) (84% ) 
No. of explants with 0 2 0 
deuterencephalic induction ( 29%) 
No. of explants without 1 0 8 
regional character ( 4%) (16% ) 


EFFECTS OF PROTEINASES ON INDUCTIVE ABILITY 45 


significant at the 5% level. This means that 5 minutes’ treatment 
at 85° C. in 95% ethanol is quite sufficient for the irreversible in- 
activation of trypsin, and that the incubation without trypsin at 28° C. 
for the periods tested did not appreciably affect the inducing ability 
of the samples. Thus, the samples, ConTr(30)-1, ConTr(30) and 
ConTr(60), can be used as the standard on which the effects of 
trypsin on the archencephalic activity of the experimental samples 


is tested. 


Series Tr(30)-1 and Tr(30): Effects of 30 minutes’ treatment 
with trypsin. As indicated in Table 5, 30 minutes’ treatment with 
trypsin at a low concentration (0.001%) did not markedly affect the 
inductive activity of the sample. Although a decrease to some ex- 
tent was observed in the frequency of archencephalic induction by 
Tr(30)-1 as compared with that in the control series, ConTr(30)-1, the 
difference was insignificant. Further no appreciable reduction of the 


Table 5. Effects of Trypsin on the Inductive Activity 
of the Liver Pentose Nucleoprotein 


Experimental Series Tr(30)-1 Tr(30) Tr(60) Tr(120) 
No. of available explants 36 35 45 53 
No. of explants with 35 22 15 11 

any induction (97%) (63% ) (33% ) (21%) 
No. of explants with 34 16 5 3 

neural induction (94% ) (46% ) (11%) ( 6%) 


No. of explants containing 
induction types: 


Eye 22 5 2 0 
Fore-brain 20 6 3 0 
Nose 1 3 1 0 
Lens 9 3 0 0 
Pigment vesicle 1 6 1 0 
Placode 16 3 3 0 
Non-specifiable brain 8 0 3 
Mesenchyme 4 13 4 3 
Melanophore 21 15 9 6 
No. of explants with 27 12 3 0 
archencephalic induction (75% ) (34% ) ( 7%) 


No. of explants without 9 10 12 11 
regional character (25% ) (29% ) (27% ) (21%) 
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trypsin prepared as above described for the preliminary experiment 
were incubated at 28° C. for 30, 60 and 120 minutes. After incubation 
95% ethanol was added to give the final concentration of 70%. The 
precipitate was gathered by centrifugation, dispersed in 95% ethanol 
and heated at 85° C. for 5 minutes. The suspension was quickly 
cooled and centrifuged. In the control series the nucleoprotein solu- 
tion was incubated without trypsin for 30 and 60 minutes at the same 
temperature. Then the solution was supplemented by an equivalent 
amount of trypsin. Precipitation with ethanol and heating of the 
precipitate were done in exactly the same way as in the experimental 
series. The samples incubated with the enzyme were designated as 
Tr(30), Tr(60) and Tr(120) according to incubation periods, and 
the control samples as ConTr(30) and ConTr(6). The samples 
preserved in cold 95% ethanol were used within 6 days after pre- 
paration. 

In a separate series a similar incubation was done using trypsin 
at the concentration of 0.001%. In this case only one sample of 30 
minutes incubation and its control were prepared which were called 


Tr(30)-1 and ConTr(30)-1. | 


Series NP and H-NP: Effect of Heating. The results are sum- 
marized in Table 3. The heat-treatment completely suppressed the 


Table 3. Effects of Heating for 5 Minutes at 85° C. 
| in 959§ Ethanol on the Regional Inductive 
Activity of Pentose Nucleoprotein 


Experimental Series NP H-NP 
No. of available explants 41 28 
No. of explants with 41 28 

any induction (100% ) (100% ) 
No. of explants with 41 28 

neural induction (100% ) (100% ) 


No. of explants containing 
induction types: 


Eye 16 28 
Fore-brain ‘93 23 
Nose 3 6 
Lens 6 19 
Pigment vesicle 5 0 
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Table 3. (Continued) 


Experimental Series NP H-NP 


No. of explants containing 
induction types: 


Placode 12 ll 
Non-specifiable brain 9 1 
Superficial neural epithelium 22 0 
Winding neural tube 16 0 
Hind-brain 1 0 
Ear vesicle 1 0 
Mesenchyme 31 5 
Melanophore 29 13 

No. of explants with 28 28 
archencephalic induction (68% ) (100% ) 

No. of explants with 18 0 
deuterencephalic induction (44% ) 

No. of explants without 7 0 


regional character 


Fig. 4. An eye-type and fore- Fig. 5. Archencephalic induction 
brain-type structures induced by a_ by the control sample (liver pentose 
heated sample of liver pentose nu- nucleoprotein) for trypsin-treatment, 
cleoprotein, H-NP. ConTr(60). Eye-, fore-brain-type 

“ structures with a lentoid. 
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deuterencephalic effect present in sample NP and increased its 
archencephalic effect. The very high over-all induction frequency was 
left unchanged. In all the explants of series H-NP the eye-type 
structure was induced suggesting an intensive archencephalic effect 


of the sample (Fig. 4). 


Series ConTr(30)-1, ConTr(30) and ConTr(60): Controls for 
trypsin-treatment. As is shown in Table 4, all the samples induced 
archencephalic structures as frequently as in the preceding series, 
H-NP (Fig. 5). Slight differences in frequencies of neural and 
archencephalic inductions between these series and H-NP were not 


Table 4. Controls for Trypsin-Treatments: Inductive 
Effect of the Liver Pentose Nucleoprotein 
after Incubation at 28° C. 


Experimental Series ConTr(30)-1 ConTr(30) ConTr(60) 
No. of available explants 25 45 50 
No. of explants with 25 45 50 
any induction (100% ) (100% ) (100% ) 
No. of explants with 25 45 46 
neural induction (100% ) (100% ) (92% ) 


No. of explants containing 
induction types: 


Eye 23 40 
Fore-brain 21 33 37 
Nose 3 19 18 
Lens 19 15 15 
Pigment vesicle 0 3 1 
Placode 9 24 24 
Non-specifiable brain 4 4 2 
Superficial neural epithelium 0 0 0 
Winding neural tube 0 2 e. 
Mesenchyme 1 10 18 
Melanophore 8 18 24 

No. of explants with 24 43 42 
archencephalic induction (96% ) (96% ) (84% ) 

No. of explants with 0 2 0 
deuterencephalic induction ( 2%) 

No. of explants without 1 0 8 
regional character ( 4%) (16% ) 
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significant at the 5% level. This means that 5 minutes’ treatment 
at 85° C. in 95% ethanol is quite sufficient for the irreversible in- 
activation of trypsin, and that the incubation without trypsin at 28° C. 
for the periods tested did not appreciably affect the inducing ability 
of the samples. Thus, the samples, ConTr(30)-1, ConTr(30) and 
ConTr(60), can be used as the standard on which the effects of 
trypsin on the archencephalic activity of the experimental samples 


is tested. 


Series Tr(30)-1 and Tr(30): Effects of 30 minutes’ treatment 
with trypsin. As indicated in Table 5, 30 minutes’ treatment with 
trypsin at a low concentration (0.001%) did not markedly affect the 
inductive activity of the sample. Although a decrease to some ex- 
tent was observed in the frequency of archencephalic induction by 
Tr(30)-1 as compared with that in the control series, ConTr(30)-1, the 
difference was insignificant. Further no appreciable reduction of the 


Table 5. Effects of Trypsin on the Inductive Activity 
of the Liver Pentose Nucleoprotein 


Experimental Series Tr(30)-1 Tr(30) Tr(60) Tr(120) 
No. of available explants 36 35 45 53 
No. of explants with 35 22 15 11 

any induction (97%) (63% ) (33% ) (21%) 
No. of explants with 34 16 5 3 

neural induction (949%) (469%) (11%) ( 6%) 


No. of explants containing 
induction types: 


Eye 22 5 2 0 
Fore-brain 20 6 3 0 
Nose 1 3 1 0 
Lens 9 3 0 0 
Pigment vesicle 1 6 1 0 
Placode 16 3 3 0 
Non-specifiable brain 8 8 0 3 
Mesenchyme 4 13 4 3 
Melanophore 21 15 9 6 

No. of explants with 27 12 3 0 
archencephalic induction (75%) (34% ) ( 7%) 

No. of explants without 9 10 12 11 


regional character (25% ) (29% ) (27% ) (21%) 


a 

| 

fg 

Ri 

> 

ris 

Rn . 

« 

| 

. 

‘ 

> 

; 


46 YUJIRO HAYASHI 


size of archencephalic structures was noticed. 

On the other hand, incubation for the same period at a higher 
concentration (0.01%) clearly reduced the inductive effect of the 
sample. When the results are compared with those of the control 
series, ConTr(30), the differences in the over-all induction frequency 
are significant (P<0.001). Further, it was found that the fall in the 
archencephalic effect was reflected most clearly in the decrease of 
the eye-type frequency. Even in cases where eye-type and fore-brain- 
type structures were induced together, their size was definitely re- 


duced. 


Series Tr(60): Effects of 60 minutes’ treatment with trypsin. 
As shown in Table 5, inactivation of the inductive effect of the sample 
proceeded further. Comparing with the last series, the frequency of 
archencephalic and of neural induction decreased significantly (P< 


0.05; P<0.02 respectively). 


Series Tr(120): Effects of 120 minutes’ treatment with trypsin. 
Inactivation of the inductive effect of the sample by trypsin-treat- 
ment was almost complete (Table 5). In most of the positive cases, 
only a small quantity of mesenchyme and/or a small number of 
melanophores could be distinguished in the vicinity of the implant 
(Fig. 6). Although the implants were well retained in the explants, 


Fig. 6. A small quantity of mesenchyme induced by 
the sample of liver pentose nucleoprotein treated with 
trypsin for 120 min., Tr(120). No neural tissue is recognized 
in the explant. 
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-affinity of the implant with the reacting ectoderm appeared to be 


diminished in general. It was not possible to prepare an exact control 


Fig. 7. Diagrams showing progressive suppression of inductive effects 


of liver pentose nucleoprotein by a trypsin-treatment. 


is calculated as in Fig. 3. 


The percentage 
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for this experimental series. However, in view of the fact that the: 
regional inductive effect of the liver pentose nucleoprotein was well 
preserved after incubation in an acidic medium at 28°C. for 120 
minutes (ConPep(120) in Table 2), disappearance of the archen- 
cephalic effect in this series cannot be ascribed to other factors than 
to the enzyme. | 

Summarizing the results described in the present section, a pro- 
gressive inactivation by trypsin of the inductive effect of the liver 
pentose nucleoprotein is evident (Fig. 7), 


DISCUSSION 


| 
| 
The present experiments with pepsin clearly demonstrate first 
| that the deuterencephalic and archencephalic effects of the sample 
| of liver pentose nucleoprotein are progressively suppressed by the 
| enzyme, and secondly that the deuterencephalic effect is less resistant 
| than the archencephalic effect. On the other hand, no significant de- 
| crease in the frequency of mesenchyme and melanophores occurs 
| during 120 minutes’ incubation with pepsin. With trypsin progressive 
| suppression of archencephalic induction proceeds more quickly, and 
| even a partial suppression of mesenchyme and melanophore induction 
| can be achieved. In the present work no direct data are available 
as to the behaviour of deuterencephalic induction towards trypsin 
| activity, because just after incubation the samples have been sub- 
| jected to heat to inactivate the enzyme. As shown by the control 
experiment (H-NP, Table 3), heating of liver pentose nucleoprotein 
| causes a complete disappearance of the deuterencephalic effect, which 
is compensated by a concomitant increase in the archencephalic effect. 
If we assume that the same conversion occurs also after heat-treat- 
ment of samples incubated with trypsin, we have to conclude from 
the results of the trypsin-series that also the deuterencephalic effect 
must have been inactivated by trypsin. All these data are in accord 
with the statement made in the introduction that the protein com- 
ponent of liver pentose nucleoprotein appears to be mainly responsible 


for its inductive activity. 
Against participation of PNA in induction of regional structures 


aS a main factor speaks the observation that a pepsin-treated sample 
(Pep(120)) containing PNA more than twice as much as the control 
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sample (ConPep) shows a very low frequency of regional structures 
in contrast to a very high frequency of the same in the control 
sample. However these data do not definitely exclude participation 
of PNA in the induction of total non-regional structures or of mesen- 
chyme and melanophores. 

In an earlier study the inductive effect of tissue fragments and 
crude extracts from guinea pig kidney was tested after treatments 
with trypsin or chymotrypsin (Yamapa and TaKxaTa 1955 b). A 
brief treatment was found sufficient for a complete suppression of 
the spino-caudal and deuterencephalic inductions by the samples. 
However as no special measure was taken for an irreversible inacti- 
vation of the enzyme after incubation, it is probable from the present 
experience (p. 41) that the observed suppression of the inductive 
effects is partly due to the enzyme left not inactivated after the 
termination of incubation. 

Although in the present pepsin-series even after 120 minutes’ 
incubation the archencephalic effect has not been completely sup- 
pressed, there seems to be no objection to assume that a further 
incubation or an improvement of reaction conditions can lead to its 
complete suppression. In fact, Torvonen and Kuusi (1948) obtained 
almost complete inhibition of the archencephalic effect of bovine 
liver as well as of deuterencephalic and spino-caudal effects of bovine 
kidney by incubating the tissues with pepsin at pH 2 and 36°-37° C. 
for 41/2 days, and TreEDEMANN and TIEDEMANN (1956) also succeeded 
to abolish the spino-caudal effect of a fraction of chick embryo ex- 
tract by the use of pepsin at pH 3 and 30° C. for 4 hours. 

The present observations concerning regional induction can be 
consistently interpreted by assuming two factors, the dorso-ventral 
and cephalo-caudal mediators (Mav and Mc.-- respectively) which 
operate in the following way (Yamapa 1950 a, YAMADA and TaKaTA 
1955 a). If in a system both factors are present above a definite 
level, the spino-caudal structures are induced. If the level of M.. 
is lower, but the level of May is the same as in the first case, the 
system gives the deuterencephalic effect. The archencephalic struc- 
tures are induced by a system possessing Mu, alone. The axial 


(dorsal) structures are induced when a high level of Muy is present, 
while non-axial structures are induced when it is lower. A similar 
standpoint has been recently expressed by Tortvonen and Sextn 
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(1956 b) 

According to the above scheme of YAmMapa a selective suppression 
of Mec in a system containing both mediators should cause a shift 
of the regional effect from posterior (spino-caudal) to anterior (ar- 
chencephalic), without a change in the total induction frequency. 
The classical heat-experiment of Cuuane (1939, 1940), supplemented 
and re-interpreted by Vans (1955), implies that a short heating 
selectively inactivates M.-, while May is only inactivated by a longer 
heating. The present results of short heat-treatment of liver pentose 
nucleoprotein can also be interpreted as indicating a selective and 
complete inactivation of 

The results of pepsin- and trypsin-series clearly indicate that 
May and Mec are both attacked by proteolytic enzymes. How- 
ever, quick suppression of the deuterencephalic effects observed in 
the pepsin-series again speaks for the relative instability of Mic 
towards the enzyme. A better demonstration of this point has been 
obtained in another pepsin-series in which kidney pentose nucleo- 
protein with spino-caudal effects was used as the substrate (HayAsuHI, 


unpublished). A similar interpretation is perhaps possible also for 


the observation of TrEDEMANN and TIEDEMANN (1957) that after a 
pepsin-treatment some fractions of chick embryo extract, possessing 


originally spino-caudal effects, induced only archencephalic structures. 


The apparent stability of mesenchyme and melanophores towards 
pepsin and trypsin in the present experiments can be ascribed to the 
low level of May necessary for induction of these non-axial struc- 
tures, in agreement with some earlier experiments especially with 
the heat-experiments of YAMADA (1950). 

As in the present experiment the inducing system is a fairly 
homogeneous sample, it is rather probable that Ma, and M.- coexist 
in one macromolecule and do not represent separate compounds. 
The same suggestion has been made from studies on kidney pentose 
nucleoprotein (YaMapa and TakaTA 1956). Recent experiments on 
samples of liver and kidney pentose nucleoprotein purified by ultra- 
centrifugation have led to a similar idea (Hayasni and TaKatTa, 
unpublished; Yamapa, Takata and Hayasui, unpublished). A large 
number of earlier experiments have shown that selective inactivation 
of Mc-c is possible with agents which are known to denature proteins, 
such as heat (Cuuanc 1939, 1940; Hama 1944; Tolvonen 1949; YAMADA. 
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and TakaTa 1955 a), ethanol (ENGLANDER, JOHNEN and Vans 1953; 
ENGLANDER and JOHNEN 1957; Vans 1957), formalin (Kuusr 1953), 
high concentration of NaCl (Yamapa and TaxaTaA 1955 a) etc. Itis 
probable that also in the early phase of present pepsin-incubation a 
structural change of protein occurs which is responsible for inacti- 
vation of M:-.. A comparable situation could be assumed for the 
suppresion of Mcc caused by addition of pepsin to a neutral solution 
of kidney pentose nucleoprotein (Hayasnui unpublished). Thus Mc 
might be nothing but an unstable state of inducing proteins, which 
is easily altered by various agents. Then selective inactivation of Mec 
would mean a change in the state of protein from unstable to stable, 
without affecting a stable structure of protein, which may act as Map 
(cf. YamMADA and Takata 1955 a, 1956). 


SUMMARY 


1. A sample of pentose nucleoprotin of guinea pig liver with 
archencephalic and deuterencephalic inductive effects was progres- 
sively treated with pepsin or trypsin and tested for the regional in- 
ductive effect on the isolated ectoderm of early gastrulae of Triturus 
pyrrhogaster. 

2. Incubation of the sample with pepsin at pH 4 progressively 
suppressed the deuterencephalic and archencephalic effects. However 
no concomitant suppression was observed for the induction of melano- 
phores and mesenchyme. 

3. The deuterencephalic effect of liver pentose nucleoprotein dis- 
appeared when the sample was heated in 95% ethanol at 85° C. for 
5 min. A simultaneous increase in the frequency of archencephalic 
structures kept the high total induction frequency of the original 
sample unaltered. 

4. A treatment of the sample with trypsin involving heat-inacti- 
vation of the enzyme at the end of incubation caused a progressive 
decrease in the archencephalic frequency, resulting in a complete 
disappearance of all the regional inductive effects. 
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NORMALSTADIEN DER EMBRYONAL- 
ENTWICKLUNG BEI DER HAUSENTE 
(ANAS BOSCHAS DOMESTICA)* 


HANS-ULRICH KOECKE 
Zoologisches Institut der Universitat Koln, Deutschland 


I. EINLEITUNG 


Die kausal-analytische Betrachtung der Ontogenese zeigt eine 
aufeinander abgestimmte Entwicklung der Teile, die zur Bildung von 
artspezifischen Individuen fiihrt. Aus weitgehend ungegliederten 
Arealen embryonalen Materials werden durch Gestaltungsbewegungen 
komplexer Natur und die Wirkung verschiedenster Faktoren innerer 
und 4uBerer Herkunft Organe und Organverbinde geschaffen, die in 
einem funktionsfahigen Ganzen zusammengeschlossen sind. 

Die Keimscheibe des Vogeleies weist ein Muster praisumptiver 
Organbezirke auf, das durch die Untersuchungen von B. H. WILLIER 
und M. E. Rawtes (1935), M. E. Rawies (1936, 1940) und D. Rupnicx 
(1948) nachgewiesen und aufgeklirt wurde. Die Ergebnisse von 
C. H. Wappincton (1930, 1932) und C. H. Wappincton und G. A. 
SCHMIDT (1933), an Hiihnchen- und Entenkeimscheiben gewonnen, 
lassen vielleicht auch den SchluB zu, daB sich die Verteilung der 
prisumptiven Organbezirke auf der Keimscheibe der Ente nicht 
wesentlich von der beim Huhn unterscheidet. Die zahlreichen 
entwicklungsphysiologischen Probleme, die mit der Bildung der Organ- 
bezirke und der weiteren Entwicklung des Vogelembryos iiberhaupt 
sich ergeben, sind in der Zusammenfassung von C. H. WappINGTON 
(1952) eingehend diskutiert und die diesbeziiglichen Untersuchungen 
und ihre Ergebnisse kritisch gewiirdigt worden. 


* Das Untersuchungsmaterial wurde zu einem Teil wahrend des Aufent- 
haltes am Hubrecht-Laboratorium in Utrecht (Holland) anldsslich des Second 
International Teamwork gesammelt und am Zoologischen Institut der Uni- 
versitét K6ln erganzt und ausgewertet.—Zur Durchfiihrung der Unter- 
suchungen standen Mittel der Deutschen Forschungsgemeinschaft zur Ver- 
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Die Erforschung der Entwicklungsvorginge erfordert MaBstabe 
fiir einen Vergleich. In der Embryonalentwicklung der Végel spielen 
EigréBe, Alter des Eies nach der Ablage bei Bebriitungsbeginn, 
Ausgangstemperatur, Bruttemperatur, Luftfeuchtigkeit u.a. als Modi- 
fikatoren eine bedeutungsvolle Rolle. Sind alle diese Faktoren kon- 
stant, so ist bei einer bestimmten Art oder Rasse einer gewissen 
Bebriitungszeit jeweils ein bestimmtés Entwicklungsstadium zugeord- 
net. Da bei verschiedenen Arten der Schliipftermin nach verschieden 
langen Bebriitungszeiten eintritt, so sind einander entsprechende 
Entwicklungsstadien zu verschiedenen Zeitpunkten im Ei ausgebildet. 
Bei vergleichenden embryologischen. und experimentellen Unter- 
suchungen an Vogelkeimen ist also die Kenntnis des anndhernd 
genauen Zeitpunktes wdhrend der Bebriitung unerlaBlich, an dem bei 
Erdffnung der Eischale ein bestimmtes Entwicklungsstadium vorliegt. 
So gelangt man zwangsladufig zur Aufstellung von Normentafeln fiir 


| verschiedene Arten. 


Das klassische Untersuchungsobjekt: der Hiihnchenkeim ist 
mehrfach in Normentafeln dargestellt worden, zuletzt von V. Ham- 
BURGER und H. L. Hamitton (1951) und in Litiie’s Monographie 
(H. L. Hamirtron, 1952). Obwohl Entenembryonen wegen ihrer 
langsamer verlaufenden Entwicklung (Brutdauer 26-28 Tage gegen- 
liber 21 Tage beim Huhn) fiir manche Untersuchungen Vorteile bieten 
(z.B. J. PaAsTEELS, 1945), ist die Embryonalentwicklung der Hausente 
nur hinsichtlich der friihen Stadien bis zum Auftreten der ersten 
Somitenpaare zusammenfassend bearbeitet word@® (P. MirRopHANow, 
1902; C. Rani, 1923; B. K. Cuen, 1932). Dariiber hinaus sind nur — 
in einigen Fallen noch Stadienangaben in anderem Zusammenhang 
zu finden (A. Lamont, 1932; R. Ortmann, 1943; J. PasTegts, 1945). 
Die angekiindigte Normentafel von Kerper iiber die Ente ist leider 
nicht erschienen. Die Entwicklung des Kiebitz ( Vanellus cristatus M.) 
wurde von O. Grosser und J. TANDLER (1909) bearbeitet und diese 
Normentafel mit der Tafel von F. Kemper und K. Asranam (1900) 
uiber die Hiihnchenentwicklung verglichen und synchronisiert. 

Entwicklungsgeschichtliche und experimentelle Untersuchungen 
an Vogelembryonen veranlaBten uns zur dAufstellung’ einer 
Normentafel fiir die Entwicklung der Ente auf Grund folgender Frage- 
stellungen : | 


1, Welche Entwicklungsabliufe sind bestimmten Zeitraumen vom 
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Beginn der Bebriitung an gerechnet zuzuordnen? Auf Grund obiger 
Feststellungen kann die Frage auch in zweifacher Form exakter 
gefaBt werden: welche Entwicklungsstadien sind im Rahmen einer 
gewissen Modifikabilitét zu einem bestimmten Zeitpunkt zu erwarten, 
oder in welchem Zeitraum der Bebriitung kann unter Versuchsbe- 
dingungen ein bestimmtes Entwicklungsstadium angetroffen werden ? 

2. Diese Normentafel soll an die Untersuchungen von B. K. CHEN 
(1932) anschlieBen und bis zum Schliipfen' reichen. Sie soll den 
Ergebnissen von V. HamBurGcer und H. L. Hamirtton (1951) gegen- 
iibergestellt werden, um die Entwicklungsunterschiede von Ente und 
Hiihnchen zu erfassen. Soweit médglich wird noch die Normentafel 
von F. Kerspet und K. Asranam (1900) fiir das Hiihnchen beriicksichtigt. 


Il. MATERIAL. UND METHODE 


Bruteier von schwarzen Khaki-Campbell-Enten und weiBben 
Indischen Laufenten wurden 24 h ruhig gelagert, dann 8-10 h auf 
etwa 15-20°C vorgewdrmt und bei einer Temperatur von 38-39° C 
und ca. 70% Luftfeuchtigkeit bebriitet. Die Embryonalstadien wurden 
an 315 Embryonen zwischen 32 h und 96 h Bebriitung sowie an 105 
Embryonen zwischen. 4'/4 und 24 Bebriitungstagen untersucht. 10 
Entenembryonen wurden bis zum Schliipfen bebriitet. Zum Vergleich 
wurden auBerdem bis zum 3. Tag 55 Embryonen von weiben Leghorn 
mit den Enteneiern zusammen bebriitet. ig 

Alle Embryonen vor dem 18. Tag wurden in Bouin fixiert, dltere 
in 10% igem neutralen Formol. Die jingeren Stadien bis zum 6. Tag 
wurden z.T. in toto gefarbt (Haem. n. Exnrticn) und aufgehellt, z.T. 
in Paraffin eingebettet und in Serien geschnitten (6 uw, Azan). 


Die Entnahme und Fixierung sehr friiher Embryonalstadien bis zu solchen 
des 4. Tages geschieht zweckmfBig in folgender Weise: 

Die Eier werden iiber einer halbkugeligen Abdampfschale mit physio- 
logischer Kochsalzlésung gedffnet, Dotter und Eiweif vorsichtig in die 
Fliissigkeit gesenkt. Dort kann der Embryo mit einer feinen Schere und mit 
SPEMANN-Pinzetten im Bereich der Area pellucida resp. Area vasculosa 
herausgeschnitten und vom Dotter abgehoben werden. Nach Entfernung der 
Dottermembran wird der Embryo mit einer passenden Pipette in eine Uhr- 
glasschale mit Ringerlésung iibertragen und iiberfliissiger Dotter abgewaschen. 
Man schneidet sich einen Ring aus feinem Filtrierpapier (SCHLEICHER und 
SCHULL) etwa in der GrédfSe des herausgeschnittenen Blastodermbezirkes 
zurecht, dessen Loch in der Mitte etwas gréfer als der eigentliche Embryo 
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Tabelle 


Inkubations- 
zeit 


Die friihen Entwicklungsstadien 


CHEN (39° C) 


PASTEELS (?°C) 


Unbebriitetes 
Blastoderm 
(im Ovidukt 
oder beim 
Legen ) 


4h 


51/2 h bis 
61/2 h 


6'/2h bis 
12h 


12-15 h 


13-21 h 


13-25 h 


18-24 h 


24-31 h 


29-33 h 


29-32 h 


30-34 h 
31-35 h 
33-36 h 


Durchmesser d. Blastoderms 
1,8-2,8 mm, Area pelluc. 0,8- 
1,5 mm, Sonderung des Ento- 
derms, Periblast caudal ver- 
dickt. 


Area pellucida 1,37-1,63 mm, 
Sonderung des Entoderms 
kommt zum Abschlu8, Bil- 
dung des Embryonalschildes. 

9h: kurzer Primitivstr: Area 
pelluc. 1,37 mm. 

12h: A. pelluc. 1,63 mm. 


Kurzer Primitivstreifen (0,3 
mm), Blastoderm 3,4 mm, 
Area pellucida 1,67 mm. 


Mittlerer Primitivstreifen (0,6 


mm), Blastoderm 3,8 mm, 
Area pell. 1,68 mm. 


Verlangerter Primitivstr. (0,9 
mm), Blastoderm 4,2 mm, 
Streckung der Area pell. 
(1,88 mm), Beginn der Meso- 
dermauswanderung. 


Definit. Primitivstreifen (1,2 
mm), Blastoderm 5,7 mm, 
birnférmige Area pellucida 
1,4-2,7 mm. 


Kopffortsatz, (-friih 0,12 mm, 
-spait 1,4 mm), Area pel- 
lucida 2,5-2,6 mm, Beginn 
von Medullarplatte und 
-wiilsten. 


Kopffalte, Primitivstr. 1,32 
mm, Area pell. 3,2 mm, 
Erhebung der Medullarplatte 
und Bildung des Proamnion, 
Blutinseln. 


Furche vor dem 1. Somiten- 
paar. 

1. Somitenpaar. 

2. Somitenpaar. 

3. Somitenpaar. 


Fortgeschrittene Morula, 
oder Ausbreitung des 
Blastoderms iiber den 
Dotter, oder beginnende 
Sonderung des Entoderms 


Sonderung des Entoderms 
kommt zum AbschluB. 
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1 


der Ente nach: 
MITROPHANOW (38° C) RABL (?°C) 


Durchmesser d. Blastoderms 3,25~- 
3,5 mm (einschichtig ?) 


Entoderm zentral gesondert, Blasto- 
derm 3,75 mm, Embryonalschild 


10h: Blastoderm 4,5-5,0 mm, Son- 
derung des Entoderms kommt zum 
Abschlu8, Anlage des Primitiv- 
streifens. 

1lih: Blastoderm 3,0-4,7 mm, Area 
pellucida 2mm, kurzer Primitiv- 
streifen, definit. Primitivstreifen. 


24 h: Ejinschichtiges Blastoderm, 
mittlerer Primitivstr. (0,64 mm), 
verlangerter Primitivstreifen (0.86- 
0,92 mm), Area ll. 1,2-1,68 mm 
Mesodermauswanderung. 


29h: Kopffortsatz (10 mm), Area 29-30h: Definit. Primitivstr. 1,24—-1,36 
pellucida 3,0 mm. mm, Area pell. 1,5-1,7 mm; Kopf- 
fortsatz (0,4-0,6 mm), dabei Primi- 
tivstreifen 1,16-19 mm und Area 
pell. 2,0-2,6 mm. 
der Medullarplatte (?), Kopf- 
alte. 
Andeutung der Furche vor dem 1. 
Somitenpaar. 


36h: 1. Somitenpaar, Embryonalanlage 
3,04 mm. 


i 
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_und kann das Papier mit dem Keim in Bouin’sche Fliissigkeit ibertragen. 
Dadurch werden Verfaltungen etc. verhindert. Bei der Nachbehandlung, 
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ist. Dann taucht man den Ring in die Schale und orientiert das Blastoderm 
so, daB der Embryo iiber dem Loch und das dotterhaltige Entoderm auf dem 
Papierring liegt. Durch vorsichtiges Andriicken der extraembryonalen 
Blastodermpartien auf das FlieBpapier befestigt man den Embryo im Ring 


sowohl Firbung in toto als auch Paraffineinbettung, ist der feste Ring sehr 
von Vorteil. Am Ende des jeweiligen Prozesses 148t sich der Embryo leicht 


aus dem Loch ausschneiden. 


III: Dit EMBRYONALENTWICKLUNG DER ENTE 


1) Morula bis 1. Somitenpaar nach friiheren Untersuchungen von 
B. K. Coen (1932), P. MitrorpHanow (1902), J. PASTEELS (1945) 
und C. Rast (1923). 


vergl. Tabelle 1. 


2) Primitivstreifenstadium bis zum Schlipfen 

Unsere eigenen Untersuchungen beginnen mit dem Stadium des 
definitiven Primitivstreifens. Die Vergleichbarkeit mit der Stadienein- 
teilung nach HAMBURGER und HAMILTON (1951) ist nur eine ungefihre, 
insbesondere ab Stadium 15, da die Verhialtnisse bei den Hiihnchen- 
stadien nicht ohne weiteres fiir Entenembryonen der entsprechenden 
Stadien zutreffen. 


IV. VERGLEICH DER ENTWICKLUNG BEI 
HuHN UND ENTE 


Die Embryonalentwicklung von Huhn und Ente weist eine Reihe 
von Verschiedenheiten auf, die zu einem wesentlichen Teil in den 
unterschiedlichen Bebriitungszeiten und den Artcharakteren des 
K6rperbaues begriindet sind. Die Eier beider Arten befinden sich, 
abgesehen von der EigréBe, beim Legen in einem vergleichbaren 
Ausgangsstadium vor der Bildung des Primitivstreifens; die Furchung 
ist beendet und die Sonderung des Entoderms nahezu oder vollstindig 
abgeschlossen. Die weitere Entwicklung der Embryonen im E&£i fiihrt 
beim Huhn nach 21 Bebriitungstagen, bei der Hausente nach 28 
Bebriitungstagen zu den sehr voneinander verschiedenen schliipfreifen 
Kiiken. Dadurch lassen sich die Stadienbezeichnungen fiir das 
Hiihnchen nicht ohne weiteres auf die Ente iibertragen. 


> 
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Bebriitungs- 


zeit 


nach 


Stadium Stadium 


nach 
HAMBURGER- KEIBEL 


HAMILTON 


Embryonalstadium 


32h 


32 h 


32-36 h 


32-36 h 


36-40 h 


36-45 h 


4 


2/3 


6-10 


11-15 


Definitiver Primitivstreifen (ca. 1,35 mm) 
mit Hensenschem Knoten, Primitivgrube 
und Primitivrinne; Area pellucida ca. 1,8 
mm lang, Mesoderm in die Area opaca 
hineinreichend. 

Abb. 1 


Kopffortsatz (0,27-0,66 mm), von der Primi- 
tivgrube ausgehend; Primitivstreifen 1,32- 
1,65 mm, Area pellucida 2,16-2,55 mm lang. 
Abb. 2 und 


Kopffalte; das craniale Ende des Embryos 


‘beginnt sich aufzuwélben, die entstehende 


Falte fallt mit der vorderen Grenze des 
Mesoderms zusammen; Medullarplatte 
mit flachen Medullarwiilsten. Area pel- 
lucida ca. 2,6 mm lang, Primitivstreifen 
1,65 mm. Anlage der Blutinseln. 

Abb. 3 


1 Somitenpaar=2. Somitenpaar; craniales 
Ende des Embryos’ weiter erhoben. 
Chorda-Anlage vor dem Primitivknoten 
deutlich vom Mesoderm abgegrenzt. 
Abb. 4 


2-4 Somiten; Medullarplatte vor den 
Somiten mit hohen Medullarfalten, die 
sich aber noch nicht aneinanderlegen. 
Sonderung von Somato- und Splanchno- 
pleura im vorderen Mesodermbereich, 
dadurch Bildung des Coeloms. 

Abb. 5 


5-7 Somiten; Medullarwiilste ab 6-Somi- 
tenstadium sich im mesencephalen Be- 
reich aneinanderlegend, keine Verschmelz- 
ung; erste Anlagen des Epimyocards 
und Endocards, rechte und linke Anlage 
noch durch Entoderm getrennt. 

Abb. 6 
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Stadium 
Bebriitungs- nach 
zeit HAMBURGER- 
HAMILTON 


40-50 h 10 16-19 8-10 Somiten; vorderer Neuroporus schlieBt 
sich, Medullarwiilste bis ca. zum 1. Somi- 
tenpaar verschmolzen, Ausstiilpung der 
primdren Augenblasen, 3 Hirnabschnitte 
deutlich erkennbar; beginnende Fusion 
der Endocardanlagen, Septum noch vor- 
handen. 

Abb. 7 


41-53 h 11 19-23 11-13 Somiten; Medullarrohr bis caudal 
_ der letzten Somiten geschlossen, Augen- 
blasen erreichen in voller Ausdehnung 
das laterale Kopfectoderm, Anlagen der 
Ohrplacoden und Rachenmembran; begin- 
nende Auffaltung des Proamnions. Das 
1. Somitenpaar wird nicht aufgeldst; 
Herzschlauch beginnt sich zur rechten 
Seite zu verlagern. 
Abb. 8 


44-54h 12 24-27 14-16 Somiten; Medullarrohr vé6llig oder 
fast geschlossen; Telencephalon 
erkennbar, Augenblasen mit beginnender 
medialer Einschniirung, Rhombencephalon 
deutlich mit 5 Neuromeren, Ohrplacoden 
grubenférmig eingesenkt; Anlagen der 1. 
Kiemenspalten, Herz mit beginnender S- 
Kriimmung, primitive Blutzellen enthal- 
tend; Anlage eines Canalis neurentericus, 
der sich in die Chorda fortsetzt oder ins 
Darmlumen fiihrt oder beide Fille 
gleichzeitig verwirklicht. Vordere Amnion- 
falte beginnt sich iiber den Kopf zu 
schieben, Erhebung seitlicher Amnion- 
falten' bis zur Héhe der Anlagen der Vv. 
omphalo-mesentericae. 
Abb. 9 


46-60h 13 28-32 17-19 Somiten; beginnende Kriimmung 
des Kopfabschnittes, Kopffalte des Am- 
nions maximal bis zum 1. Somitenpaar, 


Stadium 
nach Embryonalstadium 
KEIBEL 


~ 
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Stadium 
Bebriitungs- nach 
zeit HAMBURGER- 
HAMILTON 


Stadium 
nach Embryonalstadium 


KEIBEL 


Ohrgruben tief eingesenkt, aber noch weit 
offen. Herz S-férmig mit Atrium- und 
Ventrikelabschnitt, nach rechts verlagert. 
Canalis neurentericus stets ausgebildet. 
Abb. 10 


56-70 h 14 33-37 20-22 Somiten; Drehung des Kopfes nach 
rechts, auf den Bereich der ersten Somiten 
iibergreifend. Amnion zwischen 1. und 
5. Somiten, Herz noch auBerhalb liegend. , 
Anlagen der Linsenplacoden, Rathkeschen 
Taschen, 2. und 3. Kiemenspalten. Lumina 
in den Anlagen der Wolffschen Géange. 
Medullarrohr iiber Canalis neurentericus 
geschlossen. 


56-72 h etwa 37-41 23-25 Somiten; Kriimmung des Kopfes: 
15 Winkel zwischen Rhombencephalon und 
Achse Mesencephalon-Prosencephalon 
etwa 90°; Drehung des Rumpfes bis zum 
15. Somiten reichend. Ohrgruben mit 
verengter Offnung, Anlagen der Olfac- 
torius-Placoden und Thyreoidea. Amnion 
bis caudal der 5. Somiten reichend, Kérper 
bis ca. 20. Somiten erhoben. 
Abb. 11 


60-72 h etwa 42-45 26-28 Somiten; Kriimmung des Kopfes 
16 weiter fortgeschritten, Kopf und Herz 
beriihren sich; starke VergréBerung des 
Telencephalons, sekundiére Augenblasen, 
Linsenblaschen, Ohrgruben mit kleiner 
Offnung; Auswachsen der Rami ven- 
trales des Medullarrohres. Drehung des 
Rumpfes bis zum 17. Somiten reichend; 
Kérper bis 24. Somitenpaar erhoben; 
Amnion zwischen 10. und 18. Somiten. 
Mesoderm der vorderen Extremitadtenan- 
lagen verdickt; Anlagen von Leber und 
Mesonephros; Beginn einer Schwanz- 
knospenbildung. 
Abb. 12 
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Bebriitungs- 
zeit 


Stadium 
nach 
HAMBURGER- 
HAMILTON 


Stadium 
nach 
KEIBEL 


Embryonalstadium 


64-77 h 


70-82 h 


70-82 h 


etwa 
17 


etwa 
18 


etwa 
19 


46 


47-49 


00-54 


29-31 Somiten; Drehung des K6rpers bis 
zum 20. Somiten reichend. Ohrgruben 
mit sehr enger Offnung, Linsenblaschen 
geschlossen. Anlagen von Epiphyse und 
Infundibulum; Olfactoriusplacoden als 
schwach eingesenkte Nasengruben sicht- 
bar; Rachenmembran perforiert; Anlagen 
der 4. Kiementaschen; Anlagen der 
Spinalganglien, Canalis neurentericus 
geschlossen. Beginnende Auflésung des 
1. Somitenpaares. Vordere Extremitaten- 
region deutlich sichtbar, K6érper bis 26. 
Somiten erhoben, Amnion zwischen 18. 
und 22. Somiten. Bildung der caudalen 
Darmpforte und Anlage der Allantois; 
kurze gerade Schwanzknospe mit unseg- 
mentiertem Mesoderm. 


Abb. 13 


32-35 Somiten; Drehung des K6rpers 
unverdndert; Ohrblasen geschlossen, 
Nasengruben schalenférmig eingesenkt. 
2. Kiemenspalte teilweise perforiert; 
Lungenknospen; Anlagen der sympa- 
thischen Ganglien; vordere Extremitiaten- 
knospen vergréBert, hintere Extremititen- 
knospen als Mesodermverdickung deutlich 
erkennbar; K6rper véllig erhoben, Am- 
nion zwischen 26. und 29. Somiten, 
Schwanzknospe kriimmt sich ventralwarts 
und enthdlt unsegmentiertes Mesoderm. 
Abb. 14 


36-39 Somiten; Drehung des K6rpers bis 
zu den hinteren Extremitétenknospen 
reichend, Amnion geschlossen, Schwanz- 
knospe etwa um 90° nach _ ventral 
gekriimmt, noch unsegmentiertes Meso- 
derm enthaltend; Allantois als kleine 
Blase vorgestiilpt. Vordere und hintere 
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Bebriitungs- 
zeit 


Stadium 
nach 
HAMBURGER- 
HAMILTON 


Stadium 
nach 
KEIBEL 


Embryonalstadium 


— 


82-96 h 


etwa 
20/21 


55- 
ca. 66 


Extremitatenknospen etwa gleich groB, 
die hinteren aber etwas breiter als die 
vorderen, beide tragen eine verdickte 
Epithelleiste. 

Nasengruben vertieft; Bildung des ersten 
Augenpigmentes; dorsale Pankreasanlage. 
Maxillarfortsitze nur schwach sichtbar, 
Mandibularfortsétze stark entwickelt, 
Kiemenspalten 1 und 2 offen, 3 und 4 
geschlossen. 

Abb. 15 


40-46 Somiten; Drehung des Kérpers auf 
die linke Seite vollstandig, der gesamte 
Korper ist gekriimmt, die rostrale Kopfre- 
gion weist auf die Vorderextremitdten; 
Schwanzknospe eingekriimmt und mit 
der Spitze nach vorne gerichtet, bis auf 
das hinterste Drittel segmentiert. Allan- 
toisblase bis 2 mm lang. 
Vordere und hintere Extremitatenknospen 
asymmetrisch und mit der proximo- 
distalen Achse caudalwiarts weisend, 
vordere Extremititen: 
Breite (rostro-caudal): 
0,9-1,3 mm 
Lange (proximo-distal): 
0,7-1 mm 
hintere Extremitaten: 
Breite (rostro-caudal) : 
1,2-1,35 mm 
Linge (proximo-distal): 
0,6-0,8 mm 
Maxillarfortsitze etwa halb so lang wie 
die Mandibularfortsdtze, Kiemenspalten 3 
teilweise perforiert. 
Anlage des Magens, ventrale Pankreas- 
anlagen. 
Augenpigment nur mikroskopisch sichtbar. 
Abb. 16 
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Stadium 
Bebriitungs- nach 
Zeit HAMBURGER- 
HAMILTON 


5 Tage etwa 67/71 Mehr als 50 Somiten; Schwanz gegen den 
22/24 Kérper gekriimmt, fast bis ans Ende 

segmentiert; Allantois eine groBe den 
Kopf beriihrende Blase, beginnende An- 
heftung an die Serosa. 
Extremitdten langer als breit, mit der 
Spitze caudal gerichtet und an den Enden 
verbreitert (Phalangenplatte), Ellenbeuge 
und Knie angedeutet. 
Maxillarfortsdtze bis zu den Nasengruben 
reichend, Nasengruben noch weit offen, 
die Offnung ein Oval, das durch die 
Anlagen der fronto-nasalen (mittlere 
Stirnfortsdtze + mediale Nasenfortsdtze) 
und latero-nasalen (laterale Nasen- 
fortsdtze) Fortsatze eingeengt ist; die 2. 
Kiemenbégen (Hyoidbégen) stark ent- 
wickelt und ventral iiber die 3. Kiemen- 
bégen vorgeschoben, gréBer als die 1. 
Kiemenbégen (Mandibularbégen); 3. 
Kiemenspalten wieder verschlossen. 
Augenpigment jetzt deutlich makro- 
skopisch sichtbar. 
Abb. 17 


6 Tage etwa 71a/75 Extremitdten stark verlangert, in Ellen- 
25/26 beuge und Knie gewinkelt, sodaB die 
Langsachse von Unterarm und Unter- 
schenkel fast parallel zum K6rper liegen, 
Finger 2 und 3 und Zehen 1-3 erkennbar. 
Die d4uBere Gehérdéffnung ist durch eine 
grubenférmige Einsenkung im Bereich der 
1. (obliterierten) Kiemenspalte angelegt. 
Beginnende Verschmelzung der lateralen 
und medianen Nasenfortsditze, dadurch 
wird die spaltférmig eingeengte Offnung 
der Nasengrube in dAuBere und innere 
Nasenlécher geteilt. Stirnfortsitze ver- 
gréBert. Hyoidbégen stark ventro-caudal 
ausgewachsen und die Region der 3. und 


Stadium 
nach Embryonalstadium 
KEIBEL 
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Stadium 
Bebriitunge- nacn Embryonalstadium 
| 4. Kiemenbégen iiberdachend. 
Abb. 18 
7 Tage etwa 76/77 Extremitadten verlangert, an der vorderen 

27/29 Extremitét 3 Finger erkennbar. 
Halsregion stark verlangert, Hyoidbégen 
als ein dicker Kragen dicht iiber der 
Auswoélbung des MHerzens_ gelegen; 
Mandibularbégen verschmolzen, ebenfalls 
Maxillar- und Nasenfortsdtze, sodaB eine 
Mundspalte entstanden ist; Stirnfortsdtze 
zum Oberschnabel auswachsend. 
AuBere Gehéréffnung als eine kleine tief 
eingesenkte Grube mit schrig gestelltem 
Spalt dorsal des Mandibularbogens. 
Abb. 19 

8 Tage etwa 78/82 Vordere Extremitdét in der Ellenbeuge 
30/31 etwa 90° gebeugt, 2. Finger langer als 


die beiden anderen, ebenso 3. Zeh langer 
als die iibrigen Zehenanlagen, insgesamt 
4 Zehen deutlich. 

Halsregion weiter verlangert, Kragen der 
Hyoidbégen noch iiber der Herzwélbung, 
aber verkleinert und auf die ventrale 
Herzregion beschrinkt; Unterkiefer als 
Unterschnabel auswachsend, Zunge deut- 
lich abgesetzt. 

AuBere Gehdéréffnung eingeengt, mit 
tiefem Gehérgang. Am Auge Beginn der 
Nickhautbildung, 6-10 Skleralpapillen an- 
gelegt. 

Federanlagen auf dem Riicken zwischen 
Schulter und Lumbalregion in je 2 Reihen 
rechts und links der Medianen; je 3 
Reihen auf dem Oberschenkel und ventro- 
lateral zwischen Schulter und Ober- 
schenkel, sowie je 1 Reihe an den Seiten 
des Schwanzes. 


Abb. 20 
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68 
Stadium . 
Bebriitungs- nach 
zeit HAMBURGER- KEIBEL 
9 Tage etwa 
32/33 


10 Tage etwa 
33/35 


11 Tage etwa 
36 


Embryonalstadium 


83/88 Finger und Zehen verlangert und deutlich 


89/90 


91/92 


abgegrenzt, am FuB Zehen und Schwimm- 
hiute eindeutig gegeneinander abgesetzt. 
Hals stark verlangert, Kragen der Hyoid- 
bégen noch als kleiner Rest auf der Ven- 
tralseite vorhanden; am Schnabel Eizahn 
erkennbar. 

Vollstandiger Ring von 14-16 Skleral- 
papillen. 

Federanlagen der Riicken-, Schulter- und 
Oberschenkelbezirke im gesamten Flur- 
bereich, Brustflur lateral mit Feder- 
anlagen, Seiten des Schwanzes mit 3 
Reihen Federanlagen. 

Abb. 21 


1. Finger und 4. Zehe frei. 

Kragen des Hyoidbogens verschwunden. 
Unteres Augenlid bis zu den Skleral- 
papillen, Nickhaut bis zur Halfte zwischen 
Skleralpapillen und Augenwinkel vor- 
gewachsen. 

Federanlagen auch in der Kopf- und 
Halsflur, die Schwanzfederkeime bereits 
gestreckt, Anlagen der Unterarmschwung- 
federn gerade erkennbar. | 
Schnabellinge 4-5 mm 

Abb. 22 


Gelenke in den Phalangen von Hand und 
FuB als Verdickungen deutlich sichtbar, 
an den Zehen die Krallen abgesetzt und 
vorragend. 

Unteres Augenlid und Nickhaut haben 
fast die Cornea erreicht. 

Federanlagen der Riicken- und Schwanz- 
flur stark gewachsen und im friihen 
Fadenstadium (nach GersBer, 1939), die 
der Oberschenkelflur im spaten Papillen- 
stadium, 
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Stadium Stadium 
Bebriitungs- nach nach Embryonalstadium 
REIBEL 
Schnabellinge 6,5 mm 
Abb. 23 
12 Tage etwa — Auf der Dorsalseite von Metatarsus und 
37 3. Zehe Anlagen von Schuppen. 
Unteres Augenlid und Nickhaut haben 
die Cornea zu einem Drittel iiberwachsen. 
Federanlagen auf dem unteren Augenlid 
gerade erkennbar. 
Schnabellinge 8 mm 
Abb. 24 
13 Tage etwa — Auf der Dorsalseite des Metatarsus 3 
38 Schuppenreihen und auf der Ventralseite 
1 Schuppenreihe. 
Federanlagen auf dem oberen Augenlid 
erkennbar. 
Schnabellange 8,5-9 mm 
Abb. 25 
14 Tage  etwa Schuppenanlagen auf dem  gesamten 
39 Metatarsus und der Dorsalseite aller 
Zehen, Schwimmhdute am _  peripheren 
Rand gekerbt. 
Oberes Augenlid erreicht die Cornea. 
Schnabellange 9-9,5 mm 
Abb. 26 
15 Tage etwa Unteres Augenlid bedeckt die Cornea zur 
39/40 Halfte, Federanlagen auf oberem und 
unterem Augenlid im friihen Papillen- 
stadium (nach GERBER). 
Schnabellange 10-10,5 mm 
Abb. 27 
16 Tage etwa Schuppenanlagen auch auf der dorsalen 
40 Seite der Schwimmhdute und ventralen 


Seite der Zehenspitzen, Schuppen auf dem 
Metatarsus und den dorsalen Zehenflachen 
als erhobene Felder gegeneinander ab- 
gegrenzt. 

Oberes Augenlid hat die Cornea zu einem 
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Stadium ‘Stadium 
Bebriitungs- nach nach Embryonalstadium 
‘aw KEIBEL 
Drittel iiberwachsen. 
Schnabellinge 12 mm 
17 Tage etwa Schuppen der FiiBe beginnen sich dach- 
41 ziegelartig zu iiberlagern. 
Augenspalt unverdndert. 
Schnabellange 12 mm 
Abb. 28 
Die Embryonen verdndern sich im wesentlichen nur noch 
. in ihren GréBenverhdltnissen, die Dunen wachsen aus, 
Schnabel, Schuppen und Krallen verhornen, der Dottersack 
nimmt an GrdéBe ab. 
18 Tage etwa Verhornung der Schuppen, die Krallen 
41/42 . der Zehen bereits hart und verhornt. 
Augenlider bis auf einen schmalen Spalt 
geschlossen. 
Alle Federanlagen zu langen Dunen 
ausgewachsen. 
Schnabellinge 13 mm 
Abb. 29 
21 Tage etwa Augen geschlossen. 
43/44 Schnabellinge 15 mm 
Abb. 30 
24 Tage etwa Die groBben Schuppen des Metatarsus 
| 45 iiberlappen sich zu etwa 1/3 ihrer Lange. 
Schnabellinge 17 mm | 
Abb. 31 
26-28 etwa Zeitpunkt des Schliipfens; Entenkiiken. 
Tage 46 


Eine Zusammenfassung der wesentlichen Entwicklungsunterschiede 
hinsichtlich der Zeit und Ausbildung von Organanlagen bei Huhn und 
Ente soll den Vergleich erleichtern. Die friihen Stadien bis zum Auf- 
treten des 1. Somitenpaares sind zuletzt von Cuen (1932) ausfiihrlich 
diskutiert worden. 
| Der erste Zeitunterschied zeigt sich schon bei Erreichen des 
Primitivstreifenstadiums: beim Hyuhn werden ca. 19h, bei der Ente 
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30-32 h bendtigt, obwohl Area pellucida und Primitivstreifen der Ente 
keineswegs gréBer als beim Huhn sind. Ob hier die EigréBe und damit 
langsamere Erwadrmung des Eies beim Bebriitungsbeginn maBgeblich 
beteiligt ist, wurde bisher nicht untersucht. Der Zeitunterschied von 
ca. 10-12 h in der Gesamtentwicklung bleibt im Durchschnitt bis etwa 
zum 39-Somitenstadium erhalten, vergréfert sich um den 4. und 5. Tag 
(Ente) auf etwa 24h und hat am 10. Tag (Ente) bereits 2 Tage 
erreicht. Es scheint, daB infolge eines verschiedenartigen Ent- 
wicklungsablaufes danach die Zeitspanne zwischen gleichen Embryo- ~ 
nalstadien von Ente und Huhn auf 1 Tag zuriickgeht; um den 16. 
Bebriitungstag (Ente) betraigt der Zeitunterschied wieder 2 Tage und 
nimmt dann rasch zu bis auf den Unterschied von 6-7 Tagen beim 
Schliipfen. Eine genaue Relation lieBe sich aber erst dann geben, 
wenn die Entwicklungszeiten von Ente und Huhn bei Beriicksichtigung 
der EigréBen, Ausgangstemperatur, Alter der Eier nach dem Ablegen 
und Bruttemperatur registriert wiirden. 

Einige Organanlagen zeigen eine von der beim Hiihnchen 
abweichende Entwicklung. 

Die Medullarwiilste werden erst im 2- bis 4-Somitenstadium 
aufgefaltet und beriihren sich friihestens im 6-Somitenstadium in der 
praesumptiven mesencephalen Region. Dadurch werden die primidren 
Augenblasen ebenfalls spdter (8-9 Somiten) angelegt; ihre weitere 
Entwicklung (Erreichen des Ektoderms, Einschniirung des Augenstiels) 
bleibt gegeniiber dem Hiihnchen um 2 Somiten zuriick. Trotzdem 
werden die Linsenplacoden zur gleichen Zeit sichtbar wie beim Hiihn- 
chen, die anfangliche Verzégerung scheint sich also nicht auf den 
Induktionsprozess auszuwirken.—Der VerschluB des vorderen Neuro- 
porus und des gesamten Medullarrohres erfolgt dagegen friiher als 
beim Huhn. Die Ausbildung eines Canalis neurentericus, der von der 
Primitivgrube ausgehend in die Chorda hineinreicht und ins Darm- 
lumen fiihrt, scheint nach Grosser und TANDLER (1909) typisch fiir die 
bisher darauf untersuchten Wasservégel zu sein. Die Verhdltnisse 
der Placoden sind von OrTMANN (1943) eingehend untersucht und 
diskutiert worden. 

Im Mesoderm ist ein wesentlicher Unterschied im Entwick- 
lungsablauf zwischen Ente und Huhn darin zu sehen, daB bei der 
Ente das erste Somitenpaar, d.h. die Somiten vor dem ersten Somi- 
tenspalt (vergl. pe Beer und BarrincTon, 1934) nicht aufgelést wird, 
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sondern bestehen bleibt, spiter (15-Somitenstadium) dicht bei den 
Ohrgruben liegt und vom Glossopharyngeus-Vagus-Teil der rhomben- 
cephalen Neuralleiste umwandert wird. Die Auflésung erfolgt erst 
im 30-Somitenstadium. 

Die AuBere K6rperform beginnt um den 6. Tag (Ente) 


starkere Abweichungen von der des Hiihnchens zu zeigen. Am Kopf 


dominiert die Vorwélbung des Telencephalons iiber die mesencephale ; 
das Auge ist kleiner und die Kopfform rundlicher gestaltet. Am 7. 
Tag (Ente) tritt der Oberschnabel bereits deutlich in Erscheinung. 
Eine Streckung des Halses und das Vorwachsen des Unter- und Ober- 
schnabels nach 9 Tagen (Ente) lassen den Embryo wesentlich diffe- 
renzierter erscheinen als ein entsprechend weit entwickeltes Hiihnchen. 
Die Kopfform ist nach 11 Tagen (Ente) weitgehend den Proportionen 
beim schliipfreifen Kiiken angenidhert; die rasch wachsenden Dunen 
bedecken schon am 13. Tag den K6érper. Die eigentlich formbildenden 
Prozesse laufen also bei der Ente rascher und relativ friiher ab als 
beim Hiihnchen, die lingere absolute Entwicklungsdauer ist in den 
spdteren Phasen im wesentlichen durch Wachstumsvorginge bedingt. 


Eine vergleichende Untersuchung wird stets zu beriicksichtigen 
haben, daB sich die Morphogenese aus 3 Grundvorgdéngen zusam- 
mensetzt: Determination, Differenzierung und Wachstum; 
die Artunterschiede kommen durch einen verschiedenen Ablauf dieser 
Vorgadnge in den Individuen zur Realisation. Am einfachsten sind 
noch die Wachstumsvorgdnge zu erfassen, weil sie einer mess- 
baren Beurteilung zuginglich sind. Den Ansatz zu einer Auswertung 
von Wachstums- und Differenzierungsvorgadngen in Kombi- 
nation bietet die Untersuchung von H. Haarpicxk (1941) am Hiihnchen. 
Fiir die Ente liegen keine entsprechenden Beobachtungen vor, sodaB 
hier weitere Untersuchungen sich anschlieBen miissen. Die Tatsache, 
daB das Entwicklungstempo bei Huhn und Ente nicht einfach ent- 
sprechend den verschiedenen Bebriitungszeiten gegeneinander ver- 
schoben ist, zeigt, daB hier Unterschiede vorliegen, die einer niheren 
Analyse wert zu sein scheinen. DaB bei solchen Vorgingen die 
Ernadhrungsfaktoren, d.h. die Resorption des Reservematerials (Dotter 
und EiweiB) maBgebend wirksam sind (E. Wirtscu1, 1949) diirfte sicher 
sein.—Eine weitgehendere Verschiebung des Wachstums gegeniiber 
dem Differenzierungsprozess findet sich bei der Gegeniiberstellung von 
Nesthockern und Nestfliichtern bei den Végeln. Am besten ist in 
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dieser Hinsicht die embryonale und friithe postembryonale Pterylose 
bekannt (A. Lamont, 1922; A. Hotmes, 1935; A. GerBer, 1939; J. 
MAILLARD, 1948; D. BurckHarpT, 1954; O. und R. HEsse,,1957). 
Diese Untersuchungen geben gewissermaBen vergleichende Normen- 
Tafeln fiir ein bestimmtes Differenzierungsmerkmal, das als Klassen- 
merkmal der Végel in Form des Gefieders eine besonders grobe 
Bedeutung hat, zumal seine Ausbildung in der stammesgeschichtlichen 
Friihform des Archaeopteryx gut bekannt ist (O. Hermnrotn, 1923; 
H. STEINER, 1938). 

Die Determination ist, wie bereits einleitend erwdhnt wurde, 
nur durch das kausal analytische Experiment aufzuklaren. Hier ist 
noch ein weiter Weg zuriickzulegen, bis man zu einem Vergleich 
verschiedener Gruppen vordringen kann. 


SUMMARY 


A series of normal stages in the development of duck embryos 
(Khaki Campbell and White Indian Runner) has been described, a 
summary of which is given in the following table. 


HAMBURGER- 


Incubation 
period a Embryonic characteristics 
32-36 h 4-7 Def. primitive streak-1. som., Area pellucida 
1,8-2,7 mm. 
36-40 h 8 2-4 somites, length of embryo 2,6-3,0 mm. 
36-45 h ) 5-7 somites, length of embryo ca. 3,6 mm, 


contact of neural folds in midbrain region, 
epimyocardium and endocardium visible. 


40-50 h 10 8-10 somites, length of embryo ca. 4,0 mm, 
closure of anterior neuropore, primary optic 
vesicles, fusion of the lateral halves of the 


heart. 
41-53 h 11 11-13 somites, length of embryo ca. 4,5 mm, 
auditory placodes, oral plate. 
44-54 h 12 14-16 somites, length of embryo ca. 5,0 mm, 


neural tube closed, Anlage of 1. visceral 
cleft, heart containing blood cells bent to 
right, 
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Incubation 
period 


HAMBURGER- 


HAMILTON- 
stage 


Embryonic characteristics 


46-60 h 


56-70 h 


56-72 h 


60-72 h 


64-77 h 


70-82 h 


70-82 h 


82-96 h 


5d 


13 


14 


ca. 15 


ca. 16 


ca. 17 


ca. 18 


ca. 19 


ca. 20/21 


ca. 22/24 


17-19 somites, length of embryo ca. 5,3 mm, 
slight cranial flexure, Amnion at level of 
1. som., Canalis neurentericus fully de- 
veloped. 


20-22 somites, length of embryo ca. 5,5 mm, 
lens placodes, Rathke’s pouch, Anlage of 2. 
and 3. visceral clefts. 


23-25 somites, length of embryo ca. 5,8 mm, 
Amnion extends to 5. som., lateral body 
folds extend to 20. som., olfactory placodes, 
primordia of thyroid. 


26-28 somites, length of embryo ca. 6,0 mm, 
Amnion between 10. and 18. som., lateral 
body folds extend to 24. som., auditory pits 
with narrow opening, primordia of liver 
and mesonephros. 


29-31 somites, length of embryo ca. 6,2 mm, 
Amnion between 18. and 22. som., lateral 
body folds extend to 26. som., indication 
of olfactory pits, Anlage of 4. visceral clefts, 
primordia of epiphysis, perforation of oral 
plate, tail bud distinct and delimited from 
blastoderm. 


32-35 somites, length of embryo ca. 6.5 mm, 
Amnion between 26. and 29. som., lateral 
body folds extend around the entire body, 
anterior and posterior limb buds distinct. 


36-39 somites, Amnion closed, Allantois a 
small vesicle, tail bud bent ventral, eye 
pigment. 


40-46 somites, entire embryo turned to left, 
limb buds with anterior-posterior axis 
longer than proximo-distal axis, one third 
of tail bud still unsegmented. 


50 somites and more, limb buds with 
proximo-distal axis longer than anterior- 
posterior axis, tail bud segmented. 
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HAMBURGER- 
Incubation 
period Embryonic characteristics 
6d ca. 25/26 Limbs elongated, 2. and 3. digit and toes 
1-3 visible, olfactory pits divided into ex- 
ternal nares and choanae. 
7d ca. 27/29 Indication of 3. digits, fissure of mouth 
completed. 
8d ca. 30/31 Feather primordia on dorsal surface and 
thigh, 6-10 scleral papillae, nictitating 
membrane. 
9d ca. 32/33 Egg-tooth, 14-16 scleral papillae. 
10d ca. 33/35 1. digit and 4. toe delimited, beak 4-5 mm. 
lld ca. 36 Claws of toes, lower eyelids and nictitating 
membranes at margin of cornea, beak 6,5 
mm. 
12d ca. 37 Primordia of scales on the dorsal surfaces 
of metatarsus and 3. toe, beak 8 mm. 
13 d ca. 38 Feather germs on the upper eyelids, beak 
8,5-9,0 mm. 
14d ca. 39 Upper eyelids at margin of cornea, beak 
9,0-9,5 mm. 
15d ca. 39/40 Lower eyelid covers one half of cornea, 
| beak 10-10,5 mm. 
16d ca. 40 Upper eyelid covers one third of cornea, 
beak 12 mm. 
17d ca. 41 Scales of legs overlapping, beak 12 mm. 
18 d ca. 41/42 Scales of legs with beginning of cornifi- 
cation, a narrow fissure between upper 
and lower eyelids, beak 13 mm. 
21d ca. 43/44 Scales and claws of legs cornified, opening 
between eyelids closed, beak 15 mm. 
24 d ca. 45 Beak 17 mm. 
27-28 d 46 Time of hatching. 
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ERKLARUNG DER ABBILDUNGEN 


- Die Abbildungen 1-17a zeigen nach BOUIN fixierte Embryonen, gefarbt 
(Haemat. n. EHRLICH) und aufgehellt. 

Die Abbildungen 17 b-28 zeigen nach BOUIN fixierte Embryonen in Alkohol 
(80%). 

Die Abbildunge 29-31 zeigen Embryonen in 4% igem neutralen Formol, fixiert 
in 10% igem Formol. 2 

Die Vergré8erungen sind unterschiedlich und aus den eingezeichneten Langen- 
maBstaében zu ersehen. 


Tafel 3 

Der eingezeichnete Langenmafstab entspricht jeweils 1 mm. 
Abb. 1. 32h, definitiver Primitivstreifen. 

Abb. 2a. 32h, kurzer Kopffortsatz. 

Abb. 2b. 32h, verlangerter Kopffortsatz. 

Abb. 3. 32h, Kopffalte: 


Tafel 4 

Der eingezeichnete LangenmaB8stab entspricht 1 mm. 
Abb. 4. 32h, 1 Somitenpaar, rostraler Teil des Kopfes erhoben. 
Abb. 5. 36h, 4 Somiten, Vorderdarmbucht. 

Abb. 6. 45h, 6 Somiten, Verschmelzung der Medullarwiilste. 
Abb. 7. 45h, 9 Somiten, Herzanlagen. 


Tafel 5 

Der eingezeichnete LangenmaBSstab entspricht jeweils 1 mm. 
Abb. 8. 50h, 12 Somiten. 

Abb. 9. 54h, 15 Somiten. 

Abb. 10. 54h, 19 Somiten, Drehung des Kopfes. 
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Tafel 6 
Der eingezeichnete Lingenma®stab entspricht jeweils 1 mm. 


Abb. 11. 60h, 23 Somiten, Anlagen der Vv. omphalo-mesentericae. 
Abb. 12: 77h, 28 Somiten. . 
Abb. 13. 77h, 30 Somiten. 


Tafel 7 | 
Der eingezeichnete Langenmafstab entspricht jeweils 1 mm. 


Abb. 14. 77h, 34 Somiten, Amnion fast geschlossen. 
Abb. 15. 80h, 37 Somiten, Amnion entfernt, Wintergriin6l. 
Abb. 16. 95h, 44 Somiten, Amnion entfernt, Wintergriin6l. 


Tafel 8 
Der eingezeichnete LaingenmaBstab entspricht jeweils 2 mm. 
Amnion, Dottersack und Allantois entfernt. 

Khaki Campbell, schwarz; Pigment nur mikroskopisch sichtbar. 
Abb. 17a. 5 Tage, Wintergriindl. 

Abb. 17b. 5 Tage. 

Abb. 18. 6 Tage. 

Abb. 19. 7 Tage. 


Tafel 9 
Der eingezeichnete Langenmafstab entspricht jeweils 10 mm. 


Amnion, Dottersack und Allantois entfernt. 


Khaki Campbell, schwarz; Pigment bei Abb. 20-22 makroskopisch nur schwach 


sichtbar. 
Abb. 20. 8 Tage, Federanlagen. 
Abb. 21. 9 Tage. | 


Abb. 22. 10 Tage. 
Abb. 23. 11 Tage, Pigment deutlich sichtbar. 


Tafel 10 
Der eingezeichnete LangenmaBstab entspricht jeweils 10 mm. 


Amnion, Dottersack und Allantois entfernt. 
Abb. 24. 12 Tage, Khaki Campbell, schwarz. 
Abb. 25. 13 Tage, Khaki Campbell, schwarz. 
Abb. 26. 14 Tage, Khaki Campbell, schwarz. 
Abb. 27. 15 Tage, Indische Laufente, wei8. 


Tafel 11 : 
Der eingezeichnete LaingenmaBstab entspricht jeweils 10 mm. 


Amnion, Dottersack und Allantois entfernt. 
Abb. 28. 17 Tage, Indische Laufente, weif. 
Abb. 29. 18 Tage, Indische Laufente, weiB. 
Abb. 30. 21 Tage, Indische Laufente, weiB. 
Abb. 31. 24 Tage, Khaki Campbell, schwarz. 


(Manuspcript received: 10. February, 1958) 
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EMBRYOLOGIA, Vol. 4, No. 2, pp. 79-91 (October, 1958) 


ON THE MEMBRANE POTENTIAL OF THE 
UNFERTILIZED EGG OF THE MEDAKA, 
ORYZIAS LATIPES AND CHANGES 
ACCOMPANYING ACTIVATION* 


REIJI HORI 
Biological Institute, Toyama University, Toyama, Japan 


INTRODUCTION 


YAMAMOTO (1944b) has shown in Oryzias latipes that there is a 
gradient of irritability in the cortex of the unfertilized egg; it is the 
highest at the animal pole, medium at the equator and the lowest 
at the vegetative pole. At fertilization, a wave-like breakdown of 
cortical alveoli embedded in the cortex, begins near the animal pole 
and ends at the vegetative pole. As regards the mechanism of the 
wave-like breakdown of the cortical alveoli, he proved that an in- 
visible wave (/ertilization-wave) spreads along the cortical protoplasm 
causing the breakdown of the cortical alveoli (1954, 1956). 

SUGIYAMA (1953, 1956) also suggested that a fertilizing spermato- 
zoon and such reagents as butyric acid, urea and distilled water gave 
rise to the fertilization-wave and caused the breakdown of cortical 
granules of sea urchin eggs. These authors consider that the cortex 
of the eggs is the excitation-conduction system. It would seem, 
therefore, that if suitable equipment were applied, electrical phe-. 
nomena occurring at the time of fertilization might be recorded. 
Up to the present day, several investigators have tried to measure 
a change of potential in the eggs of the sea urchin, starfish, teleostean 
and frog (Hasama, 1934; PéTerri and RoTHScHILD, 1935; ScHEER et al., 
1954; TyLer et al., 1955, 1956; Kao, 1956; Matno ef al., 1956). It 
seems, however, that there exist some discrepancies among these 
results and the morphological changes observed following the fertili- 


* This work was partly supported by the Scientific Fund of the Ministry 
of Education. 
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zation. In view of the importance of their relations, it seems worth- 
while to carry out further studies on these phenomena. The present 


experiment is confined to the membrane potential of the unfertilized 


egg of Oryzias and changes accompanying activation. 


MATERIAL AND METHOD 


Ripe, unfertilized eggs of Oryzias latipes were used as material. 
To obtain them, an adult female known to have spawned was isolated 
from males. Next day the female usually contains ripe ova. After 
dissecting the fish and isolating the ovary, the ova were placed in 
isotonic salt solution and separated with glass needles (YAMAMOTO, 
1941). Unripe ova were easily distinguished by their size and trans- 
parency. The isotonic salt solution has the following composition; 
M/7.5 NaCl 100 parts + m/7.5 KCl 2.0 parts + m/11 CaCl, 2.1 parts. The 
pH of the solution was adjusted to 7.4 by adding a small amount of 
NaHCoO:;. 


According to YAMAMOTO (1936, 1939b), the chorion of Oryzias is 
freely permeable to crystalloids and small molecules, but fails to 
admit colloids such as egg albumen. So long as the chorion is a 
permeable membrane, the distribution of ions on either side of the 
chorion should be the same (KamatTa, 1936). Thus it is unnecessary 
to remove the chorion for the present experiments. | 

When the egg was pricked with a microneedle having a tip of 
15-20 uw, the breakdown of the cortical alveoli began in the perforated 
region and ended at the opposite pole (YamMaAmorTo, 1944a, b). 

The tip of the microelectrode for electrical recording was less 
than 1y and, therefore, no breakdown of the cortical. alveoli was 
expected. However, when such an electrode was actually inserted 
in the egg, the breakdown of the cortical alveoli frequently took 
place. It seemed that the breakdown was related to the shape of 
the tip of the electrode. A series of electrodes with tips of different 
shapes was checked by inserting them into the egg to the depth of 
20 uw. The following described electrode did not induce any breakdown 
of the cortical alveoli: the tip was less than 0.5 4 and the external 
diameter of the inserted electrode less than 3 » at the egg surface. 
The electrode was filled with 3 m KCI solution. | 


An indifferent electrode was made as follows: one end of a 
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glass tube having an inner diameter of 6-8mm. was sealed with 
agar dissolved in isotonic salt solution and was filled with 3m KCl 
solution, Non-polarizable electrodes of Ag-AgCl type were used. 
The unfertilized egg was held in the isotonic salt solution with 
forceps supported by an insulator. The input resistance was 5 to 20 
megohms. The lead from the microelectrode was connected to a 
preamplifier which had a cathode follower system (RCA 954) and 
the lead from the indifferent electrode was grounded through a 
potentiometer. The grid current of the vacuum tube was adjusted 
to less than 2x10°-"“ amp. A four-step dc-amplifier was applied and 
membrane potentials were measured from the photographs taken on 
the screen of an X-ray oscilloscope. To avoid the influence of 
electrical interference, the experiment was performed in an insulated 
room. 


RESULTS 


The resting potential of the unfertilized egg 

While the microelectrode and grounded electrode were immersed 
in the isotonic salt solution, an adjustment was made so that the 
beam corresponded to the zero line of the oscilloscope. When the 
microelectrode was moved toward the unfertilized egg and the tip 
reached the chorion, a negative contact potential was recorded relative 
to the grounded electrode. This potential had a wide range of | 
variations because the chorion had an elasticity and became slightly 
depressed in proportion to pressure exerted by the electrode. It gave 
a maximum value just before the penetration of the chorion which 
amounted to about 30 mV. (Fig. 1, ch). 

In the unfertilized egg, the chorion is in intimate contact with 
the protoplasmic membrane (proper egg surface) and it is hard to 
find the perivitelline space. The penetration of the chorion was at 
first indicated by the sudden appearance of a small potential (5-10 
mV) which was positive relative to the grounded electrode (Fig. 1, c). 
On inspection, the tip of the electrode was seen to be in the cortex 
of the egg. When the tip was broken, extremly large negative values 
resulted and the beam was off the screen of the oscilloscope. When 
the KCl solution diffused out of the electrode, breakdown of the 
cortical alveoli took place or the egg underwent cytolysis. 
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Fig. 1. The resting potential of the unfertilized egg. 


ch; the contact potential of the chorion. 
| _ ¢€ ; the potential which corresponds to the egg cortex. 
| | y ; the potential which corresponds to the yolk sac. 


a 


Fig. 2. The potential changes accompanying activation. 


q 1. a spike prior to the breakdown of the cortical alveoli. 
2. the starting of the breakdown of the cortical alveoli. 
3. the completion of the breakdown of almost all cortical alveoli. 
4. the electrode removed. 
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In addition, when the electrode was inserted deep into the yolk 
region, the potential amounted to 30-35 mV. (positive relative to the 
grounded electrode) and gradually declined to a slightly lower steady 
value (25-30 mV) (Fig. 1, vy). This decline might depend on an 
electric leakage around the electrode. When the egg was protected 
from the movement of the electrode, the breakdown of the cortical 
alveoli did not occur. The magnitude of the potential remained 
fairly constant for a period of 10 to 30 minutes. 


The potential changes accompanying activation 

No breakdown of the cortical alveoli was ascertained after 
insertion of the electrode in the yolk region of the unfertilized egg, and 
a positive potential was recorded. Then, the electrode was moved 
slightly toward the inside of the egg. On such occasions, sometimes, 
the movement induced the activation of the egg; the breakdown of 
the cortical alveoli and subsequent chorion separation took place. 
Thus, the electrode was used in two ways, one for electrical recording 
purposes, the other as an activator. Prior to the breakdown of the 
cortical alveoli, a change in potential in 
the form of a spike, appeared on the 
screen of the oscilloscope (Fig. 2,1). By 
' examining twenty-three oscillograms, it 
was found that the change was a tran- 
sient, negative displacement having the 
magnitude of 15-20 mV and the duration 
of 1/50-1/25 sec. (Fig. 3). When no spike 
appeared, the breakdown of the cortical 
alveoli did not occur. Whenever the egg 
was activated, the spike was observed 
prior to the breakdown of the cortical 
alveoli. The phenomenon was charac. 
terized by the single spike. 

After the appearance of the spike, the 
potential still kept the initial value for 
5-30 sec. Afterwards, the previous steady Fig. 3. Oscillograms of 
value gradually decreased and it reached 2 Spike prior to the break- 
a steady potential (20-30 mV, negative down of the cortical alveoli. 
relative to the grounded electrode). The new steady potential was 
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maintained until the breakdown of the cortical alveoli was complete. 
The breakdown took place while the potential was falling (Fig. 2, 2). 
When almost all cortical alveoli had broken down and the chorion 
was distinctly separated, the potential began to increase gradually 
(Fig. 2, 3) and reached again another steady positive value near to 
that of the unfertilized egg. The sequence of events is illustrated 
in Fig. 2. 


DISCUSSION 


The ripe unfertilized egg of Oryzias latipes is suitable material 
for the investigation of fertilization and activation processes. In 
isotonic salt solution, it is in a normal condition and retains its 
capacity for fertilization and activation for a long period (YAMAMOTO, 
1939 a, 1944a). - For the measurement of potentials, the egg has 
several merits; viz. its size which is 1.2mm. in diameter and its 
transparency which makes it easy to observe the position of the tip — 
of the inserted electrode. Although the result obtained relates to 
the egg of Oryzias latipes, the explanation may be applied to other 
species in as much as the cortical change represented by the break- 
down of cortical alveoli and the subsequent separation of chorion 
closely resembles what happens in other species. 


The contact potential of the chorion 

As mentioned above, a negative contact potential was obtained 
when the tip of the electrode was in contact with the chorion. In 
experiments on a single isolated rod of frog’s retina, a negative 
contact potential was recorded when the tip of the microelectrode 
reached the rod’s outer segment (SvVAETICHEN, 1953). SvAETICHEN 
identified the observed potential as zeta potential and later this was 
supported by cataphoretic experiments. Some investigators have 
measured surface potentials of the egg; —30 to —40mV in Rana 
temporaria and —20 to —40 mV in R. arvalis (DorFmMan, 1934), and 
—20 to —30 mV in several kinds of marine ova with jelly layer 
(Dan, 1933, 1934). Negative charge was also revealed in Oryzias egg 
by a vital staining method (YAmamorTo, 1936) and in the sea urchin 
egg which was placed in an electric field (Moser, 1939; Hor, 1955). 
All these results are in agreement with the obervation in the present 
experiment that the chorion has a negative zeta potential amounting 
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to about —30 mV. The magnitude of the potential was larger than 
that obtained by Maétno et al. (1956). 


The resting potential of the unfertilized egg 

Several investigators have attempted to determine the potential 
difference across the egg surface. Up to a few years ago, all authors 
reported either its absence or its negligibly small magnitude (TayLor 
and WHITAKER, 1926; PumpHREyY, 1936; Kamata, 1936; ROTHSCHILD, 
1938; KamaTa and KINosHITA, 1940; ScHEER ef al., 1054; FURSPHAN, 
1955; TAMASHIGE and YAMAGUCHI, 1956). Added to the advantages 
of accurate electrical equipment, is the fact that the electrode having 
a tip of less than 1 u is now easily made. In addition, it has become 
possible to measure the potential across the egg surface (UMRATH, 
1954; GrunpFESsT eft al., 1955; LunpBerG, 1955; Tyter ef al., 1956; 
Maeétno et al., 1956; Horr unpublished). 

In the present experiment, the penetration of the chorion was 
indicated by the sudden appearance of the positive small potential 
(5-10 mV), when, on inspection, the tip of the electrode was seen 
to be in the cortex of the egg. When the electrode was inserted 
deeply into the egg, #.e. into the yolk region, a reading of 30-35 mV. 
positive was obtained and was of the same order as that in Asterias 
egg (GruNpDFEST eft al., 1955; Tyter et al., 1956). The potential 
difference (about 5 mV positive) measured by MAtno et al. (1956) 
might correspond to that of the cortex. In eggs of starfish and sea 
urchin, there was no difference of potential between the cortex and 
the inside of the egg (Gunprest et al., 1955; LunpBEercG, 1955; TyLer 
et al., 1956; Horr unpublished). According to Axeta’s histochemical 
observation (1954), however, the cortex of the unfertilized egg of 
Oryzias has a composition different from that of the yolk region. This 
may be in agreement with the difference of the potential between 
the cortex and the yolk region of the egg. 


The potential changes accompanying activation 

One of the main objects of the present experiments was to 
measure the change in the potential accompanying activation and to 
compare it with the morphological changes. Results of investigation 
similar to the present may be put into three categories, 1) no changes, 
2) transient or wavy changes, and 3) gradual changes, 
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1) No changes ! 
KamatTa and Kinosuita (1940) tried to measure the changes in 
potential occurring at fertilization of the egg of the sea urchin, 


Strongylocentrotus pulcherrimus, using a sensitive galvanometer, but 


the experiment resulted in failure to demonstrate the presence of 
any change. Recently, FurspHAN (1955) observed no potential change 
in the egg of another sea urchin eggs, Strongylocentrotus purpuratus 
and Lytechmis pictus. These two experiments are characterized by 
lack of resting potential. As pointed out by RotuscHitp and SwANN 
(1949), one cannot expect the occurrence of changes in potential if 
there exist no measurable resting potential. 


2) Transient or wavy changes 


‘Several investigations in which transient or wavy changes in the 
potential have been observed at fertilization are reported. A silk 


thread attached to a Zn-ZnSQ, electrode placed on the egg surface 
of Hynobius nebulosus, HasaMa (1935) recorded action potential having 
a frequency of 1-2c/s. The action potential was observed not only 
upon the entrance of a spermatozoon but also as cleavage proceeded. 
However, to the author it seems likely that a vibration of the thread 


‘induced by insemination or other movements on the egg surface 


might cause an electric leakage which resulted in the occurrence of 
such changes of the potential. P&ttrerri and Rotuscuitp (1935) 
measured a transient electrical change over the surface of frog’s 
eggs on entry of the sperm, but later Rotuscnitp (1956) stated that 
the form of the change was unpredictable and considered the evidence 
inadequate. ScHEER et al. (1954) were able to pick up electrical 
signals coincident with the first visible change of fertilization in eggs 
of Arbacia. On the other hand, Ty_er ef al. (1955, 1956) failed to 
observe the occurrence of such pulse when the egg of the starfish 
was fertilized. Matno et al. (1956) observed a change in potential 


simultaenously with or shortly before the first visible change in the 
cortex of Oryzias egg. 


In their oscillograms, there are two spikes which have a wide 
range of variations in magnitude and duration. In the present 
experiment, a single spike of change in potential was observed prior 
to the breakdown of the cortical alveoli. It was a transient, negative 


displacement, having the magnitude of 15-20 mV and the duration of 
1/50-1/25 sec, 
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The mechanism responsible for the action potential of nerve has 
been discussed in great detail and many papers support HopGKIN’s 
theory (1951) that the depolarization in stimulated plasma membrane 
reflects reversely the release of K ions and leak-in of Na ions. 
R. S. Litre (1909) suggested that the activation of the unfertilized 
egg might involve the temporary depolarization of the cell surface, 
the process being similar to that observed in the nerve. Meanwhile, 
HEILBRUNN (1956) proposed that every known type of stimulating 
agent released calcium from the cortex of cells and such release 
could be, in part at least, responsible for the action potential. In 
Oryzias egg, YAMAMOTO (1954) showed that calcium ions were released 
during activation and considered that they might be necessary for 
the establishment of the fertilization-wave which causes the break- 
down of the cortical alveoli. Apart from the question: to what 
extent is the spike in the present experiment related to such ionic 
release, its presence seems to indicate the triggering off of the cortical 
reactions. The relation between the spike and fertilization-wave 
which is of a propagating nature still remains problematic. 


3) Gradual changes 


It has long been known that upon fertilization, gradual changes 
in potential take place even when no resting potential is obtained 
(DorFMAN, 1934; Ty er et al., 1955, 1956; TamasHice and YAMAGUCHI, 
1956). In the present experiment, the potential gradually decreased 
and reached a new negative steady potential (20-30 mV) one minute 
after the appearance of the spike. During potential decrease, striking 
changes are evident, t.e., there is a breakdown of the cortical alveoli 
and the extrusion of colloid from the alveoli. On such occasions, 
ionic movement through the egg surface can be expected. There 
have been several investigations of the change in ionic permeability 
which takes place a short period after fertilization. Sodium ions are 
accumulated in the egg (Brooks, 1939) and calcium and magnesium 
ions leak out (Mazta, 1937; Orstrém and Orstrém, 1942; Monroy-Oppo, 
1946; YamMAMOTO, 1956). With regard to potassium ions, Monroy- 
Oppo and Esposito (1951) have reported that sea urchin eggs increase 
their K ion content on fertilization and, on the other hand, Mam 
and WACHTMEISTER (1950) reported a slight decrease. Another investi- 
gation indicated that fertilization resulted in no significant change 
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in potassium content (SHapiro and Davson, 1941). These data, 
however, only showed the change in ionic distribution at least ten 
minutes after insemination. Noteworthy is a recent investigation by 
TyLer and Monroy (1956) that a very marked increase in the rate 
of release of K® took place 1.5 to 2 minutes after insemination. 
Their results are closely related to the potential change observed in 
the present experiments. The author is, therefore, inclined to believe 
that the cortical change may cause the depolarization of the proto- 
plasmic membrane permitting several ions to penetrate it. 

There was a steady rise in potential after the breakdown of 
almost all cortical alveoli, until a new steady level was reached 
(positive relative to the grounded electrode). This has a parallel 
relationship to gradual increase of electrical capacitance of sea urchin 
eggs after the elevation of the fertilization membrane which was 
observed by Iipa (1943 a, b, c). It has been suggested that the chief 
cause underlying the phenomenon is the changes in the thickness or 
rearrangement of the plasma membrane of the egg (I:pa, 1943 a, b, c; 
ROTHSCHILD, 1957). The change might be due to recovery of the 
protoplasmic membrane from the depolarization. 


SUMMARY 


1. The membrane potential of the unfertilized egg of Oryzias 
latipes was measured by insertion of the microelectrode having a tip 

2. The contact potential of the chorion amounted to about 30 mV, 
negative relative to the grounded electrode. 

3. The penetration of the chorion was indicated by the sudden 
appearance of a small potential (5-10 mV, inside positive), when on 
inspection the tip of the electrode was seen to be in the cortex of 
the egg. Upon insertion into the yolk region, the positive potential 
amounted to 30-35 mV, but this soon decreased to a slightly lower 
steady value (25-30 mV). | | 

4. The changes in potential following activation were divided 
into five phases: 1) a spike prior to the breakdown of the cortical 
alveoli, 2) a gradual decrease, 3) a plateau of short duration, 4) a 
gradual increase and 5) another plateau. The gradual decrease was 
associated with the breakdown of the cortical alveoli, while the 
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gradual increase took place after the completion of the breakdown. 

5. Some correlations between the changes in potential and 
cortical changes are discussed on the evidence of the experimental 
results. 


I wish to thank Prof. T. YAMAMOTO of Nagoya University for suggesting 
this investigations and Dr. T. KOJIMA for his kind instruction in electrical 
problems. My thanks are also due to Dr. T. W. GLENISTER for his kind help 
in reviewing the English text. : 
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SPERM ACTIVATION AND AGGREGATION 
DURING FERTILIZATION IN SOME FISHES 


I. BEHAVIOR OF SPERMATOZOA AROUND 
THE MICROPYLE 


RYO SUZUKI 
Department of Biology, Aichi Gakugei University, Okazaki, Japan 


INTRODUCTION 


In natural spawning and copulation among animals, ova and . 
spermatozoa are liberated in the right place and at the right time 
to ensure sperm-egg contact. Neverthless, before contact there may 
still be some distance between egg and sperm. In some marine 
invertebrates, such as sea urchins, it has long been known that the 
unfertilized egg produces certain substances which have definite 
effects upon the sperm. They are derived from the jelly surrounding 
the egg, according to Lors (1914), HARTMANN and ScHartau (1939) 
and TyLer and Fox (1940). These active substances are Gynogamone 
I, responsible for sperm activation, and Gynogamone II, responsible 
for sperm agglutination, as designated by HARTMANN et al. (1940). 

On the other hand, production of such active substances has 
rarely been known to occur in fresh-water teleosts. Surrounding the 
egg protoplasm of teleostean fishes is a very tough membrane, 
sometimes called “chorion.” Thus, entrance of the sperm into the 
egg is restricted to the micropyle of the membrane (Yamamoto, K., 
1952; Kanon, 1953; YANaGimaAcui, 1957a). Here a question arises: 
Is there, before the time of fertilization, any interaction between 
sperm and egg in these fishes? 

The author was able to observe that in Japanese bitterlings 
the spermatozoa are attracted to the micropyle when the egg is 
inseminated. An analysis of the cause of sperm-egg attraction is 
being conducted. The present paper deals with the results of the 
morphological study of the micropyle and of an observation on the 
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sperm aggregation in that area. 

Before going further, the author wishes to thank Dr. T. Yama- 
moTo of Nagoya University and Dr. H. Kosayasi for their valuable 
advice and timely criticisms. Thanks are also due to Prof. H. Gamo 
for suggestions for the manuscript. 


MATERIALS AND METHODS 


Three species of bitterlings, Achetlognathus lanceolata, A. tabira 
and Rhodeus ocellatus, and the fat minnow, Sarcocheilichthys variegatus 
were used as materials. During the spawning period, the female 
bitterlings develop the ovipositor, which is introduced into fresh- 
water mussels through the exhalent siphon. Eggs are deposited on 
the gills of the mussel, where they hatch and lead a short parasitic 

life (cf. NAKAMURA, 1950; TINBERGEN, 1953; DuyvENt bE Wirt, 1955). 

| For the present investigation, ripe eggs were obtained artificially 
using the method reported earlier (Suzuki, 1957; Suzux1 and Ko- 
BAYASHI, 1958). The number of ovulated eggs varied from 20 to 50, 
according to the individual female. Sperm suspension used for 
insemination was kept constant in concentration at about 10-* with 
M/7.5 RINGER’s solution (100 parts of m/7.5 NaCl + 2.0 parts of m/7.5 
KCl+2.1 parts of m/11 CaCl), adjusted at pH 7.0 with a small 
quantity of NaHCO;. The observations were made at room temper- 
atures which varied from 17° to 22°C. | | 


OBSERVATION AND EXPERIMENTAL DATA 


1) External structure of ripe unfertilized eggs 

The ripe unfertilized egg of the fat minnow is spherical, almost 
colorless, and about 2.5 mm. in diameter (Fig. 1A), while that of the 
bitterlings is generally ellipsoid and opaque yellow. The egg of 
A. lanceolata is the longest and most heavily yolk-laden, measuring 
about 3.6 mm. in length, 1.2mm. in width (Fig. 1B), while that of 
R. ocellatus is next in size, about 3.0 mm. in length, 1.1 mm. in width 
(Fig. 1C), and that of A. tabira is the shortest, about 2.1mm. in 
length, 13mm. in width (Fig. 1D). The membrane coverings of 
these eggs are about 7 micra in thickness. Numerous cortical alveoli, 
from 4 to 15 micra in diameter, are embedded in the protoplasmic 
layer beneath the plasma membrane which is, in turn, covered by the 
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egg membrane. No coating of jelly is observed anywhere on the egg 


surface. 


Fig. 1. Ripe unfertilized eggs in RINGER’s solution. A: Sarcocheilichthys 
variegatus. B: Acheilognathus lanceolata. C: Rhodeus ocellatus. D: Acheilognathus 
tabira. M: Micropyle. 


D 


2) Morphological structure of the micropyle 

Observations were made on R. ocellatus eggs fixed with the 
sublimate-acetic acid mixture. Sections 7 micra thick were stained 
with DELAFIELD’s hematoxylin and eosin. At the animal pole, the 
cortical layer is much thicker than in other parts and there is a 
funnel-shaped micropyle in the egg membrane. Beginning in the 
central part and running to the inner end of the micropyle is a canal 
measuring about 2.5 micra in diameter, which penetrates the envelop 
and opens into the protoplasmic germ-disk (Fig. 2). This structure 
of the micropyle is difficult to observe in fresh material which has 
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Fig. 2. A half-diagrammatic 


| figure of the micropyle area of 


PL 


MC: Micropyle. MM: Membrane. 
AL: Cortical alveoli. PL: Proto- 
plasm. YL: Yolk. | 


D 


Fig. 3. Cortical changes in the micropyle area of the bitterling, Rhodeus 
ocellatus, after immersion in fresh water without spermatozoa. A: One minute, 
just before the cortical change. B: Three minutes. C: Ten minutes. D: 


Twenty minutes, with some protoplasmic connection. E: Thirty-five minutes, 
after the connection has been severed. 
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not been immersed in fresh water, because of a large volume of the 
opaque yolk. When ripe unfertilized eggs are immersed in distilled 
water without insemination, the breakdown of cortical alveoli occurs 
and the egg membrane is elevated from the egg cortex. Following 
this change, the fennel-shaped micropyle is clearly in view, being 
connected with the surface by the plasma-disk. Consequently, at this 
time, the micropyle is temporarily stretched, so that its tapered part 
is the deepest, measuring about 53 micra. The inner side of the 
funnel is radially striated with wrinkles. Then, the protoplasmic 
connection between the micropyle and the plasma-disk suddenly 
breaks (Fig. 3). In 25 to 30 minutes after immersion in distilled 
water, consequently, the funnel becomes shallow. 


3) Sperm aggregation and activation around the micropyle area 

Spermatozoa of bitterlings move actively when they are immersed 
in fresh water. But 20 seconds after insemination they do so more 
actively around the micropyle area than in other parts. They seem 
to swim by rotation towards the micropyle depression, where, in 
about 50 seconds, a remarkable aggregation of spermatozoa is ob- 
served, the density of spermatozoa gradually increasing towards the 
periphery of the funnel. After 3 minutes, the size of aggregation 
becomes maximal. Some typical aggregations of homologous sperma- 
tozoa are shown in Fig. 4A to C. Meanwhile, after 7 minutes, 
sperm activity lessens and also aggregations disperse, motionless 
spermatozoa being extruded from their cluster. After 8 minutes, 
none of spermatozoa on the egg surface are moving and the aggre- 
gation disappears completely. The type of sperm agglutination as 
found in the sea urchin egg is not observed. 

The same phenomena of sperm aggregation and activation are 
also observed around the micropyle area of the fat minnow (Fig. 4D), 
though the observation is rather difficult in this species owing to a 
spherical shape and large size of the egg. 


4) Location of sperm-stimulating factor 

From these facts, a question arose as to whether the factor 
responsible for sperm aggregation and activation exists in the egg 
membrane or in the odplasm. In order to solve the question, the 
following experiments were performed. Ripe unfertilized eggs of 
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C 


Fig. 4. Sperm aggregation on the micropyle area. A: Acheilognathus 
lanceolata. B: Acheilognathus tabira. C: Rhodeus ocellatus. D: Sarcocheilichthys 


variegatus. Phase contrast photomicrographs. 


A. lanceolata or A. tabira were immersed in distilled water. When 
the perivitelline space was formed, pieces of the egg membrane 
were stripped from the odplasm, and cut into pieces with an iris 
knife. These membrane pieces and the odcyte were washed with 
distilled water several times, and then inseminated. It was found 
that spermatozoa aggregated on the pieces of the membrane taken 
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Fig. 5A. Sperm aggregation on a piece of membrane isolated from the 
micropyle area of Acheilognathus lanceolata. Phase contrast photomicrograph. 

Fig. 5B. No sperm aggregation on the denuded odcyte of Achetlognathus 
lanceolata. Phase contrast photomicrograph. | 


from the micropyle area as well as on the intact membrane of the 
unfertilized egg (Fig.5A). The intensity of aggregation was the 
greatest on pieces taken from the central canal-like portion. The 
pieces of the membrane not belonging to the micropyle area failed 
to attract the spermatozoa. Furthermore, no sperm aggregation was 
observed on the surface of the denude odcyte (Fig. 5B). When the 
perivitelline fluid and odplasm of unfertilized eggs were let out by 
pricking with a needle and inseminated, no sperm aggregation was 
induced by these materials. These facts show that the factor 
responsible for sperm aggregation and activation exists in the egg 
membrane of the micropyle area, but not in other parts. Apparently . 
it is not easily removable from this area of the membrane by washing. 1 


DISCUSSION 


SCHARTAU and MoNnTALENTI (1941 a, b) reported that the lamprey 
egg has a jelly mass on the animal pole, and spermatozoa are 
attracted to that area. Moreover, MonTALENTI (1949) found that 
tap water, distilled water and egg water caused irreversible aggluti- 
nation of lamprey spermatozoa. Recently, YANAGIMACHI (1957 a) 


+ 
ta 
‘ > 4 
> 
4 
‘ 
{ 
4 
4 
* 
a 
3 
> 
4 
‘ 
‘ 


100 RYO SUZUKI 


reported that the agglutination of herring sperm occurred in normal 
sea water and RINGErR’s solution without addition of egg water. But 
in the present investigation on Japanese bitterlings, such an irre- 
versible sperm agglutination did not occur. Therefore, gametes of 
bitterlings seem to be a stuitable material for analysis of the role 
of sperm aggregation as a factor of sperm-egg attraction free from 


agglutination. 
On the other hand, it is a well known fact that a substance 


increasing the activity of homologous spermatozoa is released from 
echinoderm eggs (cf. HARTMANN and SCHARTAU, 1939; HARTMANN et al., 
1939, 1940 and RoTHSCHILED, 1956). In the teleostean eggs a similar 
substance was studied in trout eggs by HARTMANN (1944) and Hart- 


MANN et al. (1947 a, 1947b), and in herring eggs by Kosu1 and Ocawa 


(1951). 

Recently YANAGIMACHI and Kanou (1953) found that sperm acti- 
vation occurs on the membrane near the micropyle of herring eggs. | 
More recently YANAGIMACHI (1957b) showed that when herring eggs 
have been treated with the reagents which destroy the activating 
factor they become incapable of fertilization. He stated that the 
sperm-activating factor in the micropyle area is of essential im- 
portance for fertilization of the herring egg. The present author 
has also found that sperm activation takes place arround the micropyle 
in bitterling eggs. This activation of spermatozoa may offer a 
plausible explanation of the sperm-egg contact in natural fertilization 


in fishes. 


However, a further question arises as to how the sperm-egg 
encounter occurs when eggs and spermatozoa are placed at some 
distance from each other. Concerning this point, the present demon- 
stration of sperm aggregation towards the micropyle in bitterlings 


may be pertinent. 


SUMMARY 


1) The bitterling egg membrane has a funnel-shaped micropyle 
at the animal pole, with a minute canal leading internally to the 


plasma-disk. 
2) When eggs are inseminated, the spermatozoa become very 


active around the micropyle where a remarkable aggregation of 
spermatozoa occurs. 
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3) The factor responsible for sperm aggregation and activation 
exists in the micropyle area of the egg membrane, but is lacking in 
other parts of the membrane or in the odplasm. 
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ON THE DEVELOPMENT OF THE NEMERTEAN 
MICRURA AKKESHIENSIS* * 


FUMIO IWATA 
_ Akkeshi Marine Biological Station, Akkeshi, Hokkaido, Japan 


INTRODUCTION 


The nemerteans are generally divided into two types by the mode 
of development, namely tthe direct and the indirect. As the indirect 
type, the pilidium and Desor larva occur in the species belonging to 
the order Heteronemertea. The pilidium larvae have been described 
in detail in Cerebratulus lacteus (METSCHNIKOFF, 1869; Witson, 1900), 
C. marginatus, Micrura leidyi, and M. caeca (Cor, 1899 and 1943), and 
Lineus torquatus (Iwata, 1957). The metamorphosis of the pilidium 
was observed by Biitscuii (1873) and SALENsky (1912). On the other 
hand, the Desor larva of Lineus ruber (Dresor, 1850) was studied by 
Barrois (1877), Husprecut (1886), ARNoLp (1898), and Nuspaum and 
Oxner (1913). The characteristics of both larvae lie in that the adult 
ectoderm is of secondary origin and is derived from five separate 
anlagen, a pair of antero-lateral ‘head blastodiscs,’ a pair of postero- 
lateral ‘trunk blastodiscs,’ and an unpaired postero-dorsal ‘dorsal 
blastodisc.’ 

As the direct type, Cephalothrix galatheae (Diecx, 1874) and 
C. rufifrons (SmitTu, 1935) in the order Paleonemertea were reported 
and six species belonging to the orders Hoplonemertea and Bdell- 
onemertea, namely Prosorochmus viviparus (SALENSKY, 1914), Tetra- 
stemma vermiculus and Drepanophorus spectabilis (LEBEDINSKY, 1897), 
Geonemertes agricola (Cor, 1904), Stichostemma graecense (REISINGER, 
1926), and Malacobdella grossa (HAMMARSTEN, 1918) were described 
in any detail. 


* Contributions from the Akkeshi Marine Biological Station, No. 95. 

t The author wishes to express his sincere gratittde to Prof. TOHRU 
UCHIDA under whose supervision this study was done. Thanks are also due 
to Prof. KATSUMA DAN of the Tokyo Metropolitan University for his helpful 
criticism and for revision of the manuscript. 
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The present paper deals with the development of Micrura 
akkeshiensis YAMAOKA, which is of a great interest, because in the 
present species the pilidium larva is apparently lacking in spite of 
the fact that other species of the genus Micrura have been reported 
to go through the pilidium stage (Cog, 1899 and 1943). 


MATERIALS AND METHODS 


Characters of the adult form of the present species have been given by 
YAMAOKA (1940) and IWATA (1954). In July 1955, the mature adult worms 
were obtained from the shore of Daikokujima, a small island 2 miles off the 
coast of Akkeshi, between the tide marks and in the laboratory they were 
kept in shallow finger bowls. The filtrated sea water was renewed once a 
day and no food was given. The females are rosy in colour and the males 
are white, largely owing to the metamerically arranged gonads. After the 
spawning was ascertained on the 12th of August, the males and the females 
were separated. Two days later a large number of the eggs used for the 
present study were spawned and then artificially inseminated. 

The materials were fixed in BOUIN’s fluid at 7, 12, 18, 25, 30, 42, 48, 53, 
70, 95, 119, 143, 167, 192, 198, and 215 hours after fertilization and also fixed 
once a day between the 1ith and 19th days and on the 24th, 30th, and 39th 
days. Before embedding, the materials were put into the lower portion of the 
petals of the dahlia stored in 70% alcohol, and were sectioned in 8 micra and 
stained with Delafield’s haematoxylin and eosin. 


RESULTS 


Cleavage and gastrulation 

The eggs are laid through the gonoduct. The egg is round in 
shape, opaque with the rich yolk and light brown in colour. The 
protuberance whitish in colour is present as in Cerebratulus lacteus 
(Witson, 1903) and Lineus torquatus (Iwata, 1957) (Figs. 1 and 10). 
The transparent glutinous membrane is surrounding the egg and is 
of the thickness about a half of the egg diameter. The protuberance 
and the glutinous membrane were not observed when the eggs were 
removed from the females for the purpose of making an artificial 
insemination. The germinal vesicle is not detectable from the outside 
owing to the rich yolk. The egg becomes spherical after the pro- 
tuberance is nipped off and thrown outside the glutinous membrane 
(Figs. 1-4). After the glutinous membrane disappears the egg 
membrane is spontaneously raised irrespective of whether the egg is 
inseminated or not. As to the egg membrane, Wizson (1903) recog- 
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Fig. 1. Egg immediately after liberation. x 200. 

Figs. 2 and 3. Severance of the protuberance. x 200. 

Fig. 4. Egg immediately after severance of the protuberance. x 200. 

Fig. 5. Spermatozoon. 

Figs. 6 and 7. Photographs of the young metamorphosed worms escaping 
from the shed larval ectoderm. x 200. 

Figs. 8 and 9. Photographs of the young worms immediately after liber- 
ation from the larval ectoderm. x 200. 
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nized a distinct doubleness in Cerebratulus lacteus after one hour in 
sea water. The egg measures about 170 micra in diameter and the 
egg membrane measures about 25 micra in thickness. The sperma- 
tozoon is a nematosperm of 46 micra in total length, the tail being 
about 40 micra long. The head has a sickleshaped acrosome; the 
middle piece is elliptic and is divided into two portions constricted 
longitudinally (Figs.5 and11). They can penetrate both the glutinous 
and the egg membrane freely (Fig. 10, g and Fig. 12, e). 

The first and the second polar bodies are formed about 10 and 
40 minutes after fertilization respectively. In a number of the cases, 
about 25 minutes after their extrusion, both polar bodies divide into 
two globules. Cleavage of the spiral type leads to the formation of 
a round blastula. The first cleavage plane passes through the animal 
pole. The second cleavage plane is vertical and at right angles to 
that of the first cleavage. The third cleavage is dexiotropic and the 
blastomeres of the first quartet are far larger than the macromeres 
(Figs. 12 and 14). The similar size relation of the blastomeres at 
this stage is also recognized in Cerebratulus (Witson, 1903), Lineus 
(IwaTA, 1957), Stichostemma (REISINGER, 1926), and Malacobdella 
(HAMMARSTEN, 1918). The fourth cleavage is laeotropic (Fig. 13). 
In the 7-hour round blastula, the nuclei of the blastomeres surrounding 
the large blastocoel are situated on the outer side (Figs. 15 and 16). 


ap: apical plate. at: apical tuft. bc: blastocoel. bl: blastopore. e: egg 
membrane. g: glutinous membrane. le: larval epithelium. lo: larval opening. 
mg: midgut. ms: mesoderm cells. p: protuberance. r.d: rudiment of the 
dorsal amniotic invagination. r.hd: rudiment of the head amniotic invagi- 
nation. r.tr: rudiment of the trunk amniotic invagination. st: stomodaeum. 

Fig. 10. Egg immediately after liberation. 130. 

Fig. 11. Spermatozoon. 

Fig. 12. 8 cell stage. x130. 

Fig. 13. 16 cell stage. 130. 

Fig. 14. Section of the egg through the polar body at 8 cell stage. x 280. 

Fig. 15. Section of the 7-hour blastula through the polar body. x 280. 

Fig. 16. Horizontal section of the blastula at the animal polar side. x 280. 

Fig. 17. Section of the 12-hour blastula through the polar body. x 280. 

Fig. 18. 18-hour gastrula just before creeping out from the egg membrane. 
x 130. 

Fig. 19. Sagittal section of the 18-hour gastrula, showing the formation 
of the midgut (mg) and the stomodaeum (st) and the positions of the rudi- 
ments of the head (hd), the trunk (tr), and the dorsal (d) amniotic invagi- 
nations. 

Fig. 20. Sagittal section, showing the apical plate. x 280. 
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The cytoplasm around the nuclei is well stained with eosin. Four 
cells of the first quartet project into the blastocoel. The 12-hour 


blastula flattens in the direction of the egg-axis (Fig. 17). The 


_ blastomeres in the vegetal pole thicken and protrude into the blasto- 


coel. Many larvae of this stage begin to revolve slowly within the 


egg membrane. | 
18 hours after fertilization, the embryo is pear-shaped (Fig. 18) 


_and a large and round invagination pore is found in the central portion 


of the flattened posterior end, while the apical tuft is found in the 
narrowed anterior tip. The larva hatches out in this condition. 

The formation of the apical plate is complete in the 18-hour 
gastrula (Fig. 20). The apical plate is composed of a small number 
of the columnar cells and the larval epithelium surrounding them is 
protruding beyond them. The nuclei of the apical plate cells are 
much smaller than those of the epithelium and situated in the outer 
side of the cell. | 

The gastrulation of the embryo ends at this time too (Fig. 19). 
The invagination of the gastrula is divided into two portions that is, 
the endodermal midgut and the stomodaeum which is ectodermal. 
The blastopore is situated at the boundary between them (bl). The 
archenteron is slightly bending and more slender than the stomodaeum 
which is more or less straight and the blastopore is somewhat nar- 
rowed. The nuclei of the endoderm stained with eosin are darker 
in colour and smaller in size than these of the stomodaeum which 
retain the feature of the nuclei of the ectoderm. The cilia are denser 
and longer in the stomodaeum than in the endoderm. At this point 
readers must be reminded of the fact that in the present species the 
antero-posterior axis of the adult worm runs opposite to that of the 
larva. In the pilidium (SALENsky, 1912) the antero-posterior axis of 
the adult runs at right angles to that of the larva. 


Amniotic invagination 

In the larva of Micrura akkeshiensis the epithelium of the future 
adult worm is secondarily formed inside the larval ectoderm by means 
of the so-called amniotic invaginations which appear at five places of 
the larval ectoderm. These are recognizable for the first time in the 
18-hour gastrula. Out of five amniotic invaginations four are arranged 
in pairs. A pair on the dorso-lateral sides of the embryo near the 
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posterior end are called the head amniotic invagination (Remember 
that the body axes of the larva and the adult run in opposite direc- 
tions) and the other pair on the ventro-lateral sides on the anterior 
side are the trunk amniotic invagination, the remaining unpaired one 
lying on the dorso-median spot on the same level as the ventro- 
lateral pair being the dorso-median amniotic invagination. 

At the gastrula stage the rudiment of the head invagination which 
consists of a row of a small number of the large columnar cells, is 
already differentiated from the ectoderm on the side of the sto- 
modaeum (Figs. 19 and 21, r.hd), although the rudiment of the trunk 
is not yet separated from the larval ectoderm (Figs. 19 and 23, r.tr). 
The rudiment of the dorsal invagination is, however, marked off from 
the larval ectoderm as a row of the columnar cells and depressed 
from the surface (Figs. 19 and 22, r.d). Moreover, they also show 
strong affinity to eosin in the outer portion containing the nuclei. 
By the positions of these depressions the dorso-ventral and the right- 
left axes of the future adult worm are determined. However, in the 
present study it is not yet certain whether or not the polar ingression 
takes place in the gastrula such as was ascertained by DELSMAN (1915) 
in Emplectonema gracile, by HAMMARSTEN (1918) in Malacobdella 
grossa, and by ReEisIncer (1926) in Stichostemma graecense. 

The mesoderm originates from four mesoblasts found in the 
18-hour gastrula. These mesoblasts lying between the ectoderm and 
the stomodaeum on the posterior portion of the gastrula are arranged 
in a rectangle in cross section. They are large and round in shape 
and the cytoplasm is stained in a paler colour with eosin than the 
other blastomeres. In Fig. 21 the mesoderm is represented as four 
groups of the mesoderm cells (ms), which will develop into scattered 
elements in ‘the blastocoel without forming the somatic and the 
splanchnic layers known in the annelids. 

The anterior portion of the gastrular blastocoel later spreads 
longitudinally and is filled with the mesoderm cells which develop 
into the muscle layers of the future adult worm. 


Up to now diverse opinions have been offered for the formation of the 
mesoderm, not only with regard to the number and position of the mesoblasts, 
but also as to whether the mesoderm is dispersed into the blastocoel by 
budding, or it forms definite bands of tissue. For the pilidium, COE (1899) 
is of the opinion that the mesoderm originates from a large posterior pole- 
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cell as in the annelids. In the Desor larva, however, NUSBAUM and OXNER 
(1913) detected 4d blastomere as a source of the mesoderm by studying the 
cell lineage. SALENSKY (1914) also recognized two mesoblasts in Prosorochmus 
viviparus. On the contrary, HAMMARSTEN (1918) and REISINGER (1926) found 
that the mesoblasts are composed of four cells which are derived from micro- 
meres of the second quartet (2a-2d). LEBEDINSKY (1897) and SMITH (1935) 


also recognized four mesoblasts. 

NUSBAUM and OXNER (1913) and SALENSKY (1912 and 1914) hold to the 
view that the bands of the mesoderm cells form the somatic and splanchnic 
layers with the coelom derived from the blastocoel between them. On the 
other hand, HAMMARSTEN (1918) and REISINGER (1926) believed that the 
mesoderm cells exist merely as scattered elements in the blastocoel. 

HAMMARSTEN (1918), REISINGER (1926), and SMITH (1935) recognized the 
ectodermal mesenchyme cells in the blastocoel. 


Larva and young worm 

The young larva just escaped from the egg membrane swims in 
a straight line along the long axis of the body. Between 18 and 30 
hours after fertilization, the larva becomes cylindrical in shape and 
the apical tuft becomes longer and thicker (0.17 mm.). At 42 hours, 
a dark line of the contour of the future adult worm which is caused 
by the amniotic cavities, is recognizable within the larval body (Fig. 
32, ca). The larva yellowish white in colour measures 0.3 mm. in 
length and 0.2 mm. in width. The opening of the stomodaeum is not 
recognized at this time. At the age of 4 days the anterior end of 
the larva is rather flattened, though the posterior is pointed. The 
dark contour running inside the body becomes thicker. The move- 
ment of the young worm covered with cilia which has metamorphosed 
inside the larval ectoderm is recognized at the age of 8 days. 198 
hours after fertilization, a small number of the young worms creep 
out from the posterior end of the larval ectoderm (Figs. 6-9). The 
young worm is milky white in colour and measures about 0.5 mm. 
in length and 0.07 mm. in width. The protruding tail adheres so 
firmly to the substratum that it cannot easily be released by a current 
emitted from a syringe. All the larvae reared in the glass vat molted 
between 8 and 15 days after fertilization. 


Formation of the ectodermal organs 

Larval ectoderm. ‘The larval ectoderm is composed of the larval 
epithelium and the apical plate. It is only a provisional organ which 
is broken down after a young metamorphosed worm creeps out. 
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Though the larval epithelium is filling the space between the rudi- 
ments of the amniotic invaginations and the apical plate at the 
gastrula stage (Figs. 19-23, at, r.hd, r.tr, r.d, and le), in the 25-hour 
larva it spreads over the whole surface of the body except the apical 
plate as the rudiments of the amniotic invaginations form sacs under 
the larval epithelium (Figs. 24-26). The larval epithelium is thinner 
at the lateral side of the body than at both ends. The cells are 
flattened and contain large nuclei and a small number of the vacuoles 
which remain colourless after staining. The larval epithelium is lined 
externally with a thin layer deeply stained with eosin, in which the 
roots of the cilia are embedded. In the 30-hour larva the cell 
membrane of the larval epithelium is not clear and the vacuoles 
increase in number. In the 198-hour larva the larval epithelium is 
about a half the thickness of that in the 30-hour larva (Compare 
Figs. 27, 28 with Fig. 59). 

The structure of early apical plate was described before. At the 
later stage the plate becomes flattened in a lid-like fashion (Figs. 40, 
47, and 48, ap). The eosinophile cytoplasm is also replaced gradually 
by the colourless vacuoles like in the epithelium. The long cilia 
composing the apical tuft originate from the outer eosinophile layer 
of the apical plate. 


Adult ectoderm. In the 25-hour larva the head invagination forms 
a complete sac and while the external wall facing to the larval 
ectoderm is composed of the small rounded cells, the inner wall is 
composed of the columnar cells (Fig. 26, hd and hd.am). The outer 
(thinner) wall is called the amnion and the inner (thicker) wall is 
the blastodisc. The cavity is the amniotic cavity. At this stage the 
trunk amniotic cavity is not yet fully formed, though the sacculation 
of the invagination is complete. The dorsal invagination is not yet 
over-laid by the amnion. The blastodisc looks divided into two strata; 
a thin stratum facing to the cavity is stained deep red and a broader 
stratum filled with fine yolky granules is stained in paler red. The 
amnion is entirely red as in the thin stratum of the blastodisc. 

These amniotic invaginations are enlarged by incessant cell- 
division in the blastodiscs. With the expansion of the blastodisc, 
the amnion is gradually degenerated into a thin layer. In the 42-hour 
larva the formerly eosinophile stratum of the blastodisc facing to 
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the cavity and the similarly eosinophile amnion are stained in blue 
with haematoxylin. The head and the trunk amnions are further 
reduced in thickness (Figs. 35 and 36, hd.am and tr.am). The dorsal 
amnion degenerates earlier than the others in the 30-hour larva 
(Figs. 27 and 31, d.am). 

The dorso-ventral expansion of the head blastodisc at 30th, 42th, 
53th, 70th, and 95th hours is followed in Figs. 30, 35, 36, 38, 43, 44, 
49, and 54 (hd). In the 30-hour larva the head blastodiscs are in 
contact with each other on the dorso-median portion of the body 
(Fig. 30), and by 95 hours they are ventrally connected (Fig. 54). 
In the 70-hour larva though the extended parts of the head blastodiscs 
towards the anterior portion of the larva remain unconnected on the 
dorso-median portion of the body (Fig. 44, hd), in the 95-hour larva 
they come in contact with each other. The antero-posterior expansion 
of them at 30th, 53th, 70th, and 95th hours is shown in Figs. 27, 37, 
40, 41, 47, 48, and 52. In the 30-hour larva the head blastodiscs 
stretch towards the anterior portion of the larva farther than the 
half of the body-length and are in contact with the dorsal blastodisc 
(Fig. 27, d and hd), though the two are separated again in the 
42-hour larva. On the other hand, the head blastodiscs attach them- 


ac: amniotic cavity. ap: apical plate. at: apical tuft. bc: blastocoel. 
bl: blastopore. d: dorsal blastodisc. d.am: dorsal amnion. hd: head blasto- 
disc. hd.am: head amnion. le: larval epithelium. lo: larval opening. mg: 
midgut. ms: mesoderm cells. r.d: rudiment of the dorsal amniotic invagi- 
nation. r.hd: rudiment of the head amniotic invagination. r.sd: rudiment of 
the stomodeal diverticulum. r.si: rudiment of the stomodeal invagination. 
r.tr: rudiment of the trunk amniotic invagination. st: stomodaeum. tr: trunk 
blastodisc. tr.am: trunk amnion. 

Figs. 21-23. Transverse sections of the 18-hour gastrula, showing four 
groups of the mesoderm cells (ms) and five rudiments of the amniotic invagi- 
nations (2r.hd, 2r.tr, and r.d). 280. 

Fig. 24. Sagittal section of the 25-hour larva, showing the blastopore (bl) 
and the dorsal thickening of the stomodaeum (r.sd). x 280. 

Fig. 25. Sagittal section, showing the apical plate. x 280. 

Fig. 26. Transverse section through the head amniotic invagination, show- 
ing the formation of the blastodisc (hd), the amnion (hd.am), and the amniotic 
cavity (ac). x280. 

Fig. 27.. Sagittal section of the 30-hour larva, showing the blastopore (bl) 
and the rudiment of the stomodeal diverticulum. x 280. | 

Fig. 28. Frontal section, showing the blastopore (bl) and Ahe rudiment 
of the stomodeal invagination. x 280. / 

Figs. 29-31. Transverse sections of the larva. x 280, 


4 
é 
ij 


114 FUMIO IWATA 


ma oeabl ac 


— 
at 8 0, bm % 0 bm 
ac 36 lo 
tT 
i, 


\3 


DEVELOPMENT OF A NEMERTEAN 115 - 


selves to the trunk blastodiscs on the lateral sides of the body and 
overlap to some extent (Fig. 36). In the 53-hour larva the head 
blastodiscs extend to the posterior end of the larva and opening of 
the stomodaeum is far separated backwards from the posterior end 
of the larva (Fig. 37, hd, lo, and st). In the 70-hour larva they 
spread over the front of the head of the future adult worm and come 
down ventrally (Fig. 42, hd). At this time the head blastodiscs of 
both sides after coming to the dorso-median portion of the body begin 
to fuse into a layer and give rise to the rudiment of the proboscis 
(Figs. 41 and 42, r.pr).. In the 95-hour larva the head blastodiscs of 
both sides entirely wrap the future adult head after they fuse into 
a layer on the median dorsal and the median ventral portion of the 
body. The head blastodiscs meet with the dorsal blastodisc at the 
mid-level of the body’ (Fig. 48, hd and d), and then the head, the 
dorsal, and the trunk blastodiscs fuse into a layer on the dorsal and 
the lateral sides of the body. The fusion line of them on the lateral 
sides of the body runs obliquely from the lateral side of the future 
adult mouth to the dorsal side of the body along the front of the 
cerebral sense organ (Fig. 52, fl, ma, and si). At this time the lateral 
cephalic furrow is formed as a shallow lateral depression of the head 


ac: amniotic cavity. aea: anterior end of the future adult worm. ael: 
anterior end of the larva. at: apical tuft. bl: blastopore. bm: blastocoel 
filled with the mesoderm cells.. ca: contour of the metamorphic future adult 
worm in the larva. d: dorsal blastodiscs. hd: head blastodisc. hd.am: head 


-amnion. le: larval epithelium. lo: larval opening. ma: mouth of the future 


adult worm. mg: midgut. n.sd: nuclei of the stomodeal diverticulum. oea: 
oesophagus of the future adult worm. pea: posterior end of the future adult 
worm. pel: posterior end of the larva. sd: stomodeal diverticulum. si: 
stomodeal invagination. st: stomodaeum. tr: trunk blastodisc. tr.am: trunk 
amnion. | 

Fig. 32. 42-hour larva. x130. 

Figs. 33 and 34. Serial frontal sections of the 42-hour larva, showing the 
stomodeal diverticulum (sd), the stomodeal invaginations (si), and the oeso- 
phagus (oea) and the mouth (ma) of the future adult worm. x 280. 

Fig. 35. Transverse section, showing the stomodeal diverticulum (sd) and 
the head blastodiscs (hd). x280. | 

Fig. 36. Transverse section at the middle portion of the body, showing 
the overlap of the head (hd) and the trunk (tr) blastodiscs. x 280. 

Fig. 37. Sagittal section of the 53-hour larva, showing the antero-posterior 
expansion of the head (hd), the trunk (tr), and the dorsal (d) blastodiscs and 
the separation of the stomodaeum (st) from the larval opening (lo). 280. 

Figs. 38 and 39. Transverse sections through the head (hd) (38) and the 
trunk (tr) (39) blastodiscs. | x 280, | 
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blastodisc running on the whole length of the disc and connected 
with the anterior opening of the cerebral sense organ (Fig. 53, o.cso). 

The dorso-ventral expansion of the trunk blastodiscs at 30th, 53th, 
70th, and 95th hours is followed in Figs. 31, 36, 39, 45, and 51 (tr). 
In the 30-hour larva the trunk blastodiscs of both sides are in contact 
with each other on the median ventral portion and in’ the 53-hour 
larva they stretch towards the dorsal side of the body farther than 
the half. of the body-height (Fig. 39). In the 95-hour larva the trunk 
blastodiscs fuse into a layer on the median ventral portion at the 
same time when the dorsal blastodisc reaches anteriorly to the back 
of the head blastodiscs (Figs. 50 and 51). The trunk blastodiscs thus 
fused cover transversely the ventral and the lateral sides of the 
future adult worm. The antero-posterior expansion of the trunk 
blastodiscs at 30th, 42th, 53th, and 95th hours is shown in Figs. 27, 
28, 33, 34, 37, 40, 41, 47, and 48. In the 42-hour larva the trunk 
blastodiscs extending along the whole length of the midgut, pos- 
teriorly attach to the dorsal blastodisc which is lying under the apical 
plate. In the 53-hour larva they anteriorly reach the back of the 


ac: amniotic cavity. ap: apical plate. at: apical tuft. bl: blastopore. 
bm: blastocoel filled with the mesoderm cells. br: brain. ci: cerebral invagi- 
nation. cso: ceredral sense organ. d: dorsal blastodisc. dc: dorsal commis- 
sure of the brain. hd: head blastodisc. le: larval epithelium. lo: larval 
Opening. ma: mouth of the future adult worm. mg: midgut. o.cso: opening 
of the cerebral sense organ. oea: oesophagus of the future adult worm. pr.d: 
protuberances of the dorsal blastodisc. r.ci: rudiment of the cerebral invagi- 
nation. r.mp: rudiment of the muscle layers of the proboscis. r.nep: rudiment 
of the nephridia. r.pr: rudiment of the proboscis. r.ps: rudiment of the 
proboscis sheath. sd: stomodeal diverticulum. si: stomodeal invagination. 
st: stomodaeum. tr: trunk blastodisc. vc: ventral commissure of the brain. 

Figs. 40 and 41. Frontal sections of the 70-hour larva, showing the fusion 
of the head (hd), the trunk (tr), and the dorsal (d) blastodiscs, the stomodeal 
invaginations (si), and the rudiments of the cerebral invagination (r.ci) and 
the proboscis (r.pr). x 280. 

Fig. 42. Longitudinal section through the rudiment of the proboscis (r.pr). 
x 280. 

Figs. 43-45. Transverse sections through the stomodeal diverticulum (sd) 
(43), the stomodeal invagination (si) (44), and the protuberances of the dorsal 
blastodisc (pr.d) (45). x280. 

Fig. 46. Sagittal section through the cerebral invagination (ci) of the head 
blastodisc. x280. 

Fig. 47. Frontal section of the 95-hour larva. ~x280. 

Fig. 48. Sagittal section, showing the antero-posterior expansion of the 
head (hd), the trunk (tr), and the dorsal (d) blastodiscs and the formation 
of the proboscis. x280, 
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stomodaeum (Fig. 37). In the 95-hour larva they elongate on the 
lateral sides of the mouth of the future adult worm. 

The dorso-ventral expansion of the dorsal blastodisc at 30th, 70th, 
and 95th hours is shown in Figs. 31, 45, 51, and 55 (d) and the antero- 
posterior expansion at 30th, 53th, and 95th hours is followed in Figs. 
27, 37, and 48. In the 70-hour larva the dorsal blastodisc forms 
anteriorly a pair of the saccular protuberances on the dorsal ridges 
of the trunk blastodiscs (Fig. 45, pr.d). In the 95-hour larva it covers 


an: anus. ap: apical plate. at: apical tuft. bm: blastocoel filled with 
the mesoderm cells. br: brain. cbl: cephalic blood lacuma. cg: cephalic 
glands. c.ln: commissure of the lateral nerve at the posterior portion of the 
body. cml: circular muscle layer. cso: cerebral sense organ. d: dorsal 
blastodisc. dc: dorsal commissure of the brain. dg: dorsal ganglion. fi: 
fusion line of the head and the dorsal blastodiscs. hd: head blastodisc. Icf: 
lateral cephalic furrow. l.dg: lobe of the dorsal ganglion. In: lateral nerve. 
lo: larval opening. ma: mouth of the future adult worm. mg: midgut. 
0.cso: opening of the cerebral sense organ. oea: oesophagus of the future 
adult worm. prb: proboscis. rh: rhynchocoel. r.mp: rudiment of the muscle 
layers of the proboscis. r.nep: rudiment of the nephridia. r.pr: rudiment of 
the proboscis. r.ps: rudiment of the proboscis sheath. sd: stomodeal diverti- 
culum. si: stomodeal invagination. st: stomodaeum. t: tail. tr: trunk 
blastodisc. vc: ventral commissure of the brain. vg: ventral ganglion. 

Figs. 49-51. Transverse sections of the 95-hour larva, showing the dorso- 
ventral expansion of the blastodiscs, the formation of the brain (br), the 
lateral nerve (In), and the rudiment of the nephridia (r.nep) at the ventral 
side of the stomodaeum beneath the mouth of the future adult worm (ma). 
x 280. 

Fig. 52. Longitudinal section, showing the formation of the cerebral sense 
organ (si) and the rudiments of the epithelium of the proboscis (r.pr), of the 
muscle layers of the proboscis (r.mp), and of the proboscis sheath (r.ps). 
x 280. 

Fig. 53. Transverse section, showing the oesophagus (oea) and the mouth 
(ma) of the future adult worm, the lateral nerve (In), the opening of the 
cerebral sense organ (o.cso) into the posterior end of the lateral cephalic 
furrow, and the lobe of the dorsal ganglion (l.dg) extending to the cerebral 
sense organ. 280. 

Figs. 54 and 55. Transverse sections, showing the formation of the braln 
(br), the dorsal (dc) and the ventral (vc) commissures, and the lateral cephalic 
furrow (Icf). 280. 

Fig. 56. Transverse section of the 119-hour larva, showing the formation 
of the circular (cml) and the inner longitudinal (ilml) muscle layers, and the 
rudiment of the nephridia. 280. 

Fig. 57. Sagittal section of the 143-hour larva. x 280. 

Fig. 58. Transverse section of the 167-hour larva. x 280. 

Fig. 59. Transverse section of the 198-hour larva, showing the cephalic 
blood lacuna (cbl). »x280. 

Fig. 60. Sagittal section of the 39-day young worm at the posterior portion 
of the body, showing the anus (an). x 280. 
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transversely the dorsal side of the future adult worm. 

In the 95-hour larva a small area beneath the future adult mouth 
is left uncovered by the blastodiscs (Fig. 53). The mouth gradually 
decreases its size as the adult ectoderm expands. In the 95-hour 


larva the regular alignment of the nuclei in the early blastodiscs is 


somewhat blurred and with it, the eosinophile portion of the peripheral 
layer decreases in thickness. The short and dense cilia on the whole 
surface of the adult ectoderm are recognized in the 119-hour larva 
(Fig. 56). In the 143-hour larva a small number of the flask-shaped 
gland cells stained with eosin and a large number of the cephalic 
and the cutis gland cells stained with haematoxylin are found in the 
adult ectoderm. Though in the present study the adult ectoderm is 


not further differentiated, the adult ectoderm later becomes the 


epithelium, the basement membrane, the outer circular muscles in 
the oesophageal region, and the outer longitudinal muscle layer of 
the body wall. 


Here it is mentioned for the purpose of comparision that in the pilidium 
(SALENSKY, 1912) the head and the trunk amniotic invaginations are situated 
in front of and behind the stomodaeum and between them the cerebral invagi- 
nations which later give rise to the cerebral sense organs occur in a pair. 
The dorsal invagination is unpaired as in the present material. When they 
fuse, two head blastodiscs fuse with each other first. The trunk blastodiscs 
fuse anteriorly with the cerebral blastodiscs and next with the dorsal blasto- 
disc so that they make two blastodisc groups. When the trunk blastodiscs 
on both sides of the body meet on the ventral side, the head blastodiscs fuse 
with the remainder. The lateral cephalic furrow extends on the whole length 
of the head blastodisc and the dorsal blastodisc covers the dorso-lateral surface 
of the adult worm. The amnions are thrown away with the larval ectoderm 
after metamorphosis. | | 

In the DESOR larva (NUSBAUM and OXNER, 1913) beside the head, the 
trunk, and the dorsal amniotic invaginations the positions of which are the 
same as those in the pilidium, the proboscidial amniotic invagination is added. 
The head blastodiscs first fuse with the proboscidial disc and at the same 
time, two trunk discs fuse on the ventral side. After the trunk-cerebral 
blastodisc fuse with the head-proboscidial group, the dorsal blastodisc extends 
anteriorly along the dorsal side of the trunk blastodiscs to the back of the 
head discs. Although the mode of separation of the amnion and the disc is 
the same as in the pilidium, the former disappears in the early stage of the 
development. 


Oesophagus. The oesophagus of the adult worm is formed from 
the stomodeal diverticulum of the larva which originates from a dorsal 
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thickening of the stomodaeum. In the 25-hour larva the stomodaeum 
is more elongated axially (Fig. 24, st) than that in the 18-hour gastrula. 
The stomodaeum and the midgut show a slight curvature. At this 
time the rudiment of the stomodeal diverticulum is found in the 
dorsal wall of the stomodaeum (Fig. 24, r.sd) as a small number of 
cells, the nuclei of which are piled in more than one layer. In the 
30-hour larva the stomodaeum is still widened and the blastopore 
further broadens laterally and ventrally (Figs. 27 and 28, bl). The 
rudiment of the stomodeal diverticulum at this time is shown in 
Figs. 27 and 29 (red). The stomodaeum with the exception of the 
rudimentary portion of the stomodeal diverticulum is composed of 
columnar cells well stained with eosin. In the 42-hour larva the 
stomodeal lumen becomes slender (Fig. 33, cea) changing into the 
oesophagus of the future adult worm. At this time the rudiment of 
the stomodeal diverticulum markedly increases in size with a small 
number of sparse large nuclei well stained with eosin and the 
unstained vacuoles (Figs. 34 and 35, n.sd and sd). Consequently 
with the exception of the stomodeal diverticulum the stomodaeum 
is stained with eosin and haematoxylin into two layers, of which the 
layer facing to the stomodeal lumen contains a row of the nuclei and 
is stained in blue while the remaining portion is red in colour. The 
lamination of the stomodaeum together with a structural boundary 
indicates the ectodermal origin of the stomodaeum. The original 
blastoporal opening in the larval ectoderm becomes small (Fig. 34, lo). 
Between 30th and 53th hours the stomodaeum is gradually pushed 
away from the posterior end of the larva by the expansion of the 
head blastodiscs and the increase of the dorsal thickening of the 
stomodaeum (Figs. 27 and 37, sd and st). In the 53-hour larva the 
outer half of the stomodaeum lies immediately beneath the ventral 
ectoderm, while the inner half runs obliquely towards the blastopore 
which is centrally situated (Fig. 37, bl, st, and oea). The inner part 
becomes the oesophagus of the future adult worm with the adult 
mouth opening at the ventral end. The dorsal thickening is now of 
an ovoid shape in cross section and is marked off from the stomo- 
daeum (Fig. 38, sd and st). It contains a small number of the large 
nuclei on the ventral side, numerous eosinophile granules on the 
dorsal side and the unstained vacuoles scattered in the middle portion. 
The oesophageal lumen is lined with reddish colour and provided 
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with dense cilia. The cilia in the outer half become sparse. In the 
70-hour larva the stomodeal diverticulum is converted into a rounded 
mass in cross section (Fig. 43, sd). The vacuoles increase in number, 
while the eosinophile granules decrease. In the 95-hour larva the 
stomodaeum retreats further and the stomodeal diverticulum is 
constricted dorsoventrally (Figs. 47,and 48, sd). 

The outer part of the stomodaeum lying beneath the larval ecto- 
derm becomes thin and remains as a fragment of tissue after being 
separated beneath the head blastodiscs and amalgamated into the 
ventro-median portion of the body (Figs. 54 and 57-59, st). As the 
yolky content of the stomodeal diverticulum is absorbed mostly 
between 95th and 119th hours, the oesophageal region is reduced. 


. The oesophageal region in the 143-hour and the 167-hour larva is 


shown in Figs. 57 and 58 (oea) which is marked off by the thicker 
eosinophile margin covered with the dense cilia. The mouth is 
surrounded by the adult ectoderm. The blastopore is never closed 
through the development and becomes the junction between the. 
oesophagus and the intestine of the adult worm. 


As to the formation of the stomodaeum COE (1899), NUSBAUM and OXNER 
(1913), HAMMARSTEN (1918), REISINGER (1926), SMITH (1935), and IWATA 
(1957) coincide in the view that the stomodaeum is of ectodermal origin and 
the blastopore is situated between the midgut and the stomodaeum. According 
to SALENSKY (1914), in Prosorochmus the blastopore is never pushed inwards 
into the blastocoel. On the contrary, the archenteron itself is composed of 
the inner saccular midgut and the outer cylindrical oesophagus. In Tetrastemma 
and Drepanophorus LEBEDINSKY (1897) is of the opinion that after the closure 
of the blastopore, the anterior portion of the archenteron protrudes as a blind 
sac without forming the oesophagus as usually occurs. Some differences must 
exist in the mode of formation of the oesophagus. As to the adult mouth, 
in the pilidium (SALENSKY, 1912) the adult mouth is formed midway between 
the blastopore and the opening of the stomodaeum as in the present larva, 
while in the DESOR larva (NUSBAUM and OXNER, 1913) the opening of the 
stomodaeum becomes the adult mouth. The oesophagus in the Desor larva 
is secondarily formed from a pair of the lateral thickenings of the stomodaeum, 
which later absorb the remainder cells of the stomodaeum and fuse each other 
in the front and the back. In Cephalothrix the stomodaeum develops into the 
adult oesophagus and the blastopore is closed for a time during the develop- 
ment and again opens in the midgut. In Malacobdella (HAMMARSTEN, 1918) 
and Stichostemma (REISINGER, 1926) the external end of the stomodaeum is 
closed and is secondarily connected with the proboscis, forming the rhyncho- 
daeum. 
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Cerebral sense organs. The cerebral sense organs are formed 
from the stomodeal invaginations found in the lateral walls of the 
stomodaeum. In the 30-hour larva the stomodaeum broadens out 
laterally at the blastopore level (Fig. 28, st). The lateral walls of 
this part are composed of a few large columnar cells (Figs. 28 and 
- 29, r.si) which differentiate into the cerebral sense organs. In the 
42-hour larva the rudiments are larger, having two layers discernible 
by stainability (Fig. 33, si). Between 42th and 70th hours the rudi- 
ments grow further and come into contact with the head blastodiscs 
with a thin mesoderm layer intervening (Figs. 40 and 44, si). In the 
95-hour larva the rudiments, extending in the postero-dorsal direction, 
reach posteriorly the dorsal side of the trunk blastodisc, while the 
connection to the stomodaeum is gradually obliterated becoming an 
elongated sac running obliquely along the oesophageal region (Figs. 
50 and 52, si). The bluish layer becomes thicker at the expense of 
the eosinophile peripheral layer and irregurally arranged nuclei in- 
crease in number. The sac is soon separated from the stomodaeum 
(Fig. 53, cso). The cerebral sense organ thus formed opens second- 
arily into the posterior end of the lateral cephalic furrow on the head 
blastodisc, as was described before (Fig. 53, o.cso). In later stages 
the cerebral sense organ becomes slender anteriorly and broader 
posteriorly and the ciliated inner lumen reddish in colour becomes 
slender and shorter, while the surrounding wall becomes thicker. 
In the 95-hour larva the posterior lobe of the dorsal ganglion reaches 
the anterior end of the cerebral sense organ with which it is connected 


(Figs. 53 and 55, cso and l.dg). 


About the course of the formation of the cerebral sense organs LEBEDINSKY 
(1897), NUSBAUM and OXNER (1913), SALENSKY (1912 and 1914), HAMMARSTEN 
(1918), and REISINGER (1926) agree that the cerebral sense organs are derived 
from the ectoderm as a pair of the antero-lateral invaginations of the embryo. 
In these cases the cerebral sense organs and the stomodaeum have no relation- 
ship in the development. 


| Proboscits. In the 70-hour larva the rudiment of the proboscis 

appears as a smali number of the cells lying in the head blastodiscs 
at the posterior median plane of the larva (Figs. 41 and 42, r.pr). 
The rudiment is somewhat indented and the peripheral eosinophile 
stratum of the rudiment becomes paler in colour than the rest of 
the blastodiscs. The boundary of the cells of the rudiment arranged 
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in a row is clearly recognized. At this time the nuclei of the meso- 
derm cells lying between the rudiment of the proboscis (r.pr) and 
the stomodeal diverticulum (sd) are rearranged into a central large 
mass which later develops into the muscle layers of the proboscis 
(r.mp) and a surrounding thin layer which becomes the proboscis 


- sheath (r.ps) (Fig. 42). . The rudiment of the proboscis in the head 


blastodiscs later becomes the epithelium of the proboscis. In the 
95-hour larva the rudiment of the proboscis is invaginated towards 
the anterior portion of the larva (Figs. 47 and 48, r.pr) and two 
strata of the mesoderm cells are complete in form (r.mp and r.sp). 
The nuclei of the rudiment of the muscle layers of the proboscis 
(r.mp) are less in number than those in the rudiments of the pro- 
boscis (r.pr) and of the proboscis sheath (r.ps). In the 143-hour 
larva the rod-shaped proboscis with a narrow space inside is lying 
on the dorsal side of the oesophageal region (Fig. 57, prb). The 
proboscis sheath in a thin layer is attached to the proboscis. In the 
192-hour larva the rhynchocoel is clearly seen as a longitudinal slit 
between the proboscis and the proboscis sheath. The rhynchodaeum 
is derived from the mesoderm cells as is the case of the proboscis 
sheath. The rhynchocoel extends to the back of the young worm 
at 39th day (Fig. 60, rh). The muscle layers of the proboscis, those 
of proboscis sheath, and of rhynchodaeum are not well differentiated 
in the young worm even at the age of 39 days. 


According to other accounts of the development of the nemerteans, the 
epithelium of the proboscis is of ectodermal origin and the muscle layers of 
the proboscis and the proboscis sheath are of mesodermal origin (LEBEDINSKY, 
1897; SALENSKY, 1912 and 1914; NUSBAUM and OXNER, 1913; HAMMARSTEN, 
1918; REISINGER, 1926). 


Brain and the lateral nerves. Simultaneously with the appearance 
of the rudiment of the proboscis there are found the cerebral invagi- 
nations, in a pair, at the antero-lateral parts of the head blastodiscs. 
One of the rudiments of the cerebral invaginations is shown in Figs. 
41 and 46 (r.ci and ci). Fig. 46 is a longitudinal section of the larva 
through the rudiment. In the 95-hour larva the nerve cord resulting 
from the outgrowth of the rudiment of the cerebral invagination 
extends along the lateral side of the body through the eosinophile 
layer of the head and the trunk blastodiscs before the adult ectoderm 
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is complete in form (Figs. 49-51, br, dg, vg, and In). The nerve cord 
is composed of a central slender fibre and the surrounding thick 
portion containing the nerve cells. Its anterior end thickens and 
differentiates into the brain, which is at this time divided into the 
dorsal and the ventral ganglions (Fig. 49, br, dg, and vg). The 
slender cord is the lateral nerve. In the 95-hour larva the slender 
dorsal and the thick ventral commissures of the brain are also differ- 
entiated (Fig. 54, dc and vc) and moreover the dorsal ganglion 
extending posteriorly reaches the anterior end of the cerebral sense 
organ (Figs. 53 and 55, l.dg). The lateral nerves are connected by 
a commissure running under the midgut near its posterior end. The 
cerebral sense organ is situated immediately on the lateral nerve 
(Figs. 53 and 55, cso and In). On the 39th day the dorsal lobe of 
the dorsal ganglion, the oesophageal nerves, and the dorsal nerve 
have not been formed. 


As to the formation of the nervous system SALENSKY (1912 and 1914), 
NUSBAUM and OXNER (1913), HAMMARSTEN (1918), REISINGER (1926), and 
SMITH (1935) agree that the dorsal and the ventral ganglions arise from a 
single pair of the rudiments of ectodermal origin and the lateral nerves arise 
as posterior outgrowths of the ventral ganglions. LEBEDINSKY (1897), however, 
recognized rudiments of a pair of the dorsal and a pair of the ventral gangli- 
ons, and he thought the ventral and the dorsal commissures arose from ecto- 
dermal proliferation. In the pilidium (SALENSKY, 1912) the lateral nerves 
elongate posteriorly before the adult ectoderm is completed. 


Nephridia. In the 70-hour larva the ventral side of the stomo- 
daeum beneath the mouth of the future adult worm is reddish by 
eosin staining and in the 95-hour larva it is broken up into mass of 
the rounded cells (Figs. 42, 44, and 50, r.nep) which are distributed 
under the oesophageal region (Fig. 55, r.nep). In the 119-hour larva 
these cells are still recognized under the oesophageal region (Fig. 56, 
rnep). Though in later stages these cells could not be found, it is 
likely that these cells may have differenciated into the nephridia and 
the efferent ducts. 


In the pilidium (BURGER, 1897; SALENSKY, 1912) the nephridia are of 
ectodermal origin. However, BURGER (1897) describes them as outgrowths 
of the oesophagus, while SALENSKY (1912) observes that they are originally 
shaped into two folds of the larval ectoderm between the mouth of the 
pilidium and the cerebral sense organs. NUSBAUM and OXNER (1913), on the 
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contrary, derive the nephridia of the DESOR larva from the mesodermal 
elements. 


Formation of the mesodermal organs 

Circular and the inner longitudinal muscle layers of the body wall. 

The circular and the inner longitudinal muscle layers are derived 
from the mesoderm cells. In the 42-hour larva the blastocoel is filled 
with the mesoderm cells with the eosinophile cytoplasm (Fig. 33, bm). 
Along with the expansion of the blastodiscs between 42th and 95th 
hours, the blastocoel gradually narrows into a thin space surrounding 
the gut. In the 119 hour larva the mesoderm differentiates into the 
circular and the inner longitudinal muscle layers (Fig. 56, cml and 
ilml). In the 143-hour larva these layers in the head region of the 
future adult worm run along the brain and the commissures, one on 
the outside and the other on the inside (Fig. 57). In the present 
study the outer longitudinal muscle layer is not recognized in the 
young worm even at the age of 39 days. 


In the pilidium, although SALENSKY (1912) failed to observe the course of 
differentiation of the outer longitudinal muscle layer, he concluded that the 
muscle layer outside the somatic layer might be of ectodermal origin, because 
the lateral nerve running inside the trunk blastodisc is situated immediately 
on the somatic layer. On the other hand, NUSBAUM and OXNER (1913) reported 
in the DESOR larva that the lateral nerves ran within the somatic layer which 
differentiated into the connective tissue layer as well as into three muscle 
layers (including the outer longitudinal) and the circular muscles under the 
basement membrane and the cutis glands might be derived from the trunk 
blastodisc. | 


_ Blood lacuna. In the 198-hour larva a narrow and short canal 
with a thin membrane is clearly found under the proboscis (Fig. 59, 
cbl), which is the cephalic blood lacuna. This is a slit surrounded 
by the mesoderm cells between the proboscis sheath and the muscle 
layers. Neither two anterior branches of the cephalic blood lacuna 
nor the dorsal nor the lateral blood vessels were observed in the 
present study. 


In Prosorochmus SALENSKY (1914) reported that the lateral blood vessels 
are derived from parts of’ the blastocoel surrounded by the mesoderm cells. 
In the pilidium (BURGER, 1895; SALENSKY, 1912) and DESOR larva (NUSBAUM 
and OXNER, 1913) the cephalic blood lacunae are derived from a coelom found 
in the cephalic region of the metamorphosed young worm, although BURGER 
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(1895) considered it as the rudiment of the blood vessels, but not a coelom. 
In these cases it was surmised that the lateral blood vessels, were resulted from 
the posterior extension of the coelom. In the DESOR larva NUSBAUM and 
OXNER (1913) reported that the dorsal blood vessel originated from a slit in 
the mesoderm. 


Formation of the endodermal organ 

Intestine. The midgut is transformed into the intestine of the 
adult worm by absorbing the yolk granules. In the 30-hour larva 
the midgut reaches the anterior end of the larva and is widened 
under the apical plate (Figs. 27 and 28). With the expansion of the 


trunk blastodiscs the midgut narrows laterally and is pushed dorsally. 


The midgut is composed of the columnar cells and changes its shape 
with the development of the blastodiscs and the stomodaeum. In the 
53-hour larva the dorsal side of the midgut protrudes towards the 
larval ectoderm where it is not underlaid by the dorsal blastodisc 
(Figs. 37 and 39). The narrowed opposite end of the midgut comes 
down ventrally (Fig. 37). Between 70th and 119th hours the eo- 
sinophile granules are entirely absorbed. As was described in connec- 
tion with the stomodeal diverticulum, in a course of absorption of the 
eosinophile granules, the colourless vacuoles appear also in the midgut 
and gradually increase in number. The anus is formed by outgrowth 
of the midgut through the posterior body wall after the young worm 
creeps out of the larval epithelium. In the present study the anus 
was definitely observed at the age of 39 days (Fig. 60, an). LEBEDIN- 
sky (1897), NusBaum and Oxner (1913) and HAMMARSTEN (1918) 
reported that the anus was formed by the ectodermal invagination 
of the embryo. | 


DISCUSSION 


Comparing the development of the present larva with that of the 
larvae of the other species hitherto recorded, the common charac- 


teristics of development during the early stage lie in that the egg. 


shows the spiral type of cleavage (Cog, 1899; Wuirson, 1900; Witson, 
1903; Nuspaum and Oxner, 1913; Ikepa, 1915; Detsman, 1915; Ham- 
MARSTEN, 1918; ReEIsInGerR, 1926; Smiru, 1935; Iwata, 1957), and in 8 
cell stage, the micromeres are larger than the macromeres (WILson, 
1903; HAMMARSTEN, 1918; REISINGER, 1926; Iwata, 1957), and further, 
the blastopore is situated at the boundary between the stomodaeum 
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and the midgut (Cor, 1899; Nuspaum and Oxner, 1913; HAMMARSTEN, 
1918; REISINGER, 1926; SmitH, 1935; Iwata, 1957). 


As was mentioned at the biginning of this paper, the type of 
development of the nemerteans is classified into the direct and the 
indirect types according to whether or not the adult ectoderm is 
derived from amniotic invaginations. A rough diagram of taxonomy 
of Nemertini given below indicates that the forms which go through 
the indirect development having either pilidium or Desor larva are 
limited to Heteronemertea. 


Paleonemertea Tubulanus, Cephalothrix 
Heteronemertea Lineus, Cerebratulus, Micrura 


Nemertini Prosorochmus, 
Geonemertes, Tetrastemma, Stichostemma, 
Enopla Drepanophorus 


Bdellonemertea Malacobdella 


Anopla 


Consequently, the larva of the present species is expected to go 
through metamorphosis. But a surprising thing is the larva looks 
rather like those of direct type than pilidium and Desor larva. As 
far as the internal characters of the larva are concerned, however, 
the development of the present species agrees with that of Lineus 
ruber (NusBAUM and Oxner, 1913), Malacobdella grossa (HAMMARSTEN, 
1918), a pilidium described by SALensky (1912), Prosorochmus viviparus 
(SALENSKY, 1914), and Stichostemma graecense (REISINGER, 1926) with 
respect to the following points. The oesophagus, the epithelium of 
the proboscis, the cerebral sense organs, the brain and the lateral 
nerves are of ectodermal origin. The muscle layers of the body 
wall, of the proboscis and of the proboscis sheath are of mesodermal 
origin, while the endoderm differentiates into the intestine. 

Concerning the formation of the body wal] readers must have 
noted that out of three muscle layers characteristic to the order 
Heteronemertea, two, namely the circular and the inner longitudinal 
muscle layers, are mesodermal in origin and the remaining outer 
longitudinal muscle layer is thought to be a product of the ectoderm, 
although the latter has not differentiated as yet in the present study. 
If the origin of the outer longitudinal muscle layer from the ectoderm 
is accepted as SALENSKy proposed, it can be assumed that the body 
wall of the nemerteans is basically composed of two muscle layers, 
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as is the case with three orders other than the order Heteronemertea. 
From the fact that the lateral nerves are situated outside the two 
muscle layers, the order Heteronemertea is systematically most closely 
related to the families Tubulanidae and Hubrechtiidae of the order 
Paleonemertea, in which the outer longitudinal muscle layer is want- 
ing. On the contrary, in the remainder family Cephalothrichidae of 
this order, the lateral nerves are situated in the inner longitudinal 
muscle layer. In the orders Hoplonemertea and Bdellonemertea, the 
lateral nerves are lying inside the inner longitudinal muscle layer. 
Concerning the point that in the present larva the adult ectoderm 
is derived from five amniotic invaginations, the development of the 
present species clearly belongs to the indirect type and is funda- 


mentally similar to the Drsor larva of Lineus ruber (NusBaum and | 


OxnerR, 1913), although the present larva resembles the pilidium 
(SALENSKY, 1912) in having the larval ectoderm. In other words, the 
present larva corresponds to a Dersor larva adapting itself to swim 
during the development. If push a step further, we may obtain a 
pilidium larva which swims and takes in food. 

While the total number of the amniotic invaginations of the 
present larva is five, those in the pilidium is seven adding two 
cerebral amniotic invaginations, and in the Desor larva the number 
is eight the proboscidial amniotic invagination being added. The 
present larva agrees with the pilidium in the point that the epithelium 
of the proboscis originates from the head blastodiscs. But the present 
larva differs in the point that the cerebral sense organs are formed 
from the stomodaeum, but not from the cerebral amniotic invagi- 
nations as in the cases of the pilidium and Desor larva. Up to now 
there has been no report describing that the cerebral sense organs 
are formed from the stomodaeum. However, this situation in the 
present larva is foreshadowed by the fact that the ectoderm of the 
present larva is more deeply invaginated than in pilidium and Desor 
larva. | 

Summing up the above facts, it comes to the conclusion that the 
present larva belongs to the indirect type and represents the third 
type of the larva which is intermediate in characters between the 
pilidium and Desor larva. This conclusion harmonizes well with that 
of taxonomic study. 
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SUMMARY 


1) The present paper deals with the development of Micrura 
akkeshiensis. The egg shows the spiral type of cleavage. The blasto- 
pore is situated between the midgut and the stomodaeum. The young 
worm metamorphoses within the larval ectoderm. 

2) The adult ectoderm is derived from the five amniotic invagi- 
nations of the larval ectoderm. Five invaginations are a pair of head 
invaginations, a pair of trunk invaginations and an unpaired dorsal 
invagination. 

3) By the fusion of the blastodiscs which close in from the larval 
surface, the adult epithelium is formed under the larval skin, the 
latter of which is shed off when metamorphosis is completed. 

4) The cephalo-caudal axis of the larva and that of the meta- 
morphosed adult growing inside the larva run opposite in direction. 

5) The oesophagus is secondarily formed from the dorsal diverti- 
culum of the stomodaeum. The cerebral sense organs originate from 
the stomodeal invaginations. The epithelium of the proboscis and 
the nervous system are differentiated from the head blastodiscs. The 
nephridia are derived from the stomodaeum. The circular and the 
inner longitudinal muscle layers of the body wall, the muscle layers 
of the proboscis and the proboscis sheath, and the blood lacunae are 
of mesodermal orgim: The intestine is of the endodermal origin. 

6) The development of the present species is compared with that 
of other nemerteans and it is concluded that the present larva is an 
intermediate type between the pilidium and Desor larva. 
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SUMMARY 


1) The present paper deals with the development of Micrura 
akkeshiensis. The egg shows the spiral type of cleavage. The blasto- 
pore is situated between the midgut and the stomodaeum. The young 
worm metamorphoses within the larval ectoderm. 

2) The adult ectoderm is derived from the five amniotic invagi- 
nations of the larval ectoderm. Five invaginations are a pair of head 


' “jfivaginations, a pair of trunk invaginations and an unpaired dorsal 


invagination. 

3) By the fusion of the blastodiscs which close in from the larval 
surface, the adult epithelium is formed under the larval skin, the 
latter of which is shed off when metamorphosis is completed. 

4) The cephalo-caudal axis of the larva and that of the meta- 
morphosed adult growing inside the larva run opposite in direction. 

5) The oesophagus is secondarily formed from the dorsal diverti- 
culum of the stomodaeum. The cerebral sense organs originate from 
the stomodeal invaginations. The epithelium of the proboscis and 
the nervous system are differentiated from the head blastodiscs. The 
nephridia are derived from the stomodaeum. The circular and the 
inner longitudinal muscle layers of the body wall, the muscle layers 
of the proboscis and the proboscis sheath, and the blood lacunae are 
of mesodermal orgin. The intestine is of the endodermal origin. 

6) The development of the present species is compared with that 
of other nemerteans and it is concluded that the present larva is an 
intermediate type between the pilidium and Desor larva. 
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REGIONAL DIFFERENCES IN PIGMENT CELL 
FORMATION OF THE EMBRYONIC 
SHIELD OF THE GOLDFISH 


TAKAO KAJISHIMA 
Biological Institute, Faculty of Science, Nagoya University, Nagoya, Japan 


INTRODUCTION 


The neural crest origin of the larval pigment cells first demon- 
strated by DuSHane in 1935 in amphibians has been subsequently 
confirmed in birds (Dorris, ’38) and in mice (Rawtes, ’47). Also in 
the lamprey embryo transplantation and defect experiment of the 
neural crest cells evidenced their pigment forming capacity (NEwTs, 
51). Further the same origin of the chromatophores has been 
indicated in marine teleosts by observation of the normal development 
(Borcea, 09; Orton, ’53). 

On the other hand, in the transplantation experiments on the 
Fundulus germ-ring, OpPpENHEIMER (’49) observed the chromatophores 
being produced by the transplants from the part of the germ-ring, 
which was located 90° or 180° from the midline of the embryonic 
shield, and neither contributed to the neural crest nor differentiated 
the chromatophores in normal development. Hybridization experi- 
ments between Fundulus and Oryzias (Goopricn, 50) yielded some 
embryos which lacked the neural plate but later gave rise to abundant 
chromatophores on the yolk sac. From this observation GoopricH 
concluded that the melanophores, at least those on the yolk sac, was 
probably derived from the presumptive mesodermal region of the 
germ-ring. Thus no clear evidence is available for the origin of fish 
chromatophores from the neural crest. 

Moreover, the neural tissue origin of the bony fish chomatophores 
has been suggested by LopasHov’s experiments (’44) on the groundling 
embryo. He observed a great number of chromatophores differ- 


entiating from the transplanted brain of the embryo, and argued — 


that this may be related to the fact that in most of the fishes the 


nervous system is laid down as a cord and lacks a stage of the . 
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neural plate with folds. | 

On the other hand, it may be pointed out that according to Tapa 
(44), in the newt embryo the pigment cell producing potency is not 
restricted to the neural fold but extends to the median portion of the 
neural plate. Recently similar experimental results have been ob- 


tained in the salamander embryo (Niu, ’54). Also in the teleostean 


embryo, by grafting separately the bottom and roof of the brain, 
LopasHov demonstrated formation of pigment cells not only from the 
roof but also from the bottom which is apparently free from the 
neural crest cells. 

These experimental results seem to show the need of further 
study on the origin of fish chromatophores. In this paper the source 
of pigment cells has been studied systematically in the early neurula 
of the goldfish, by explanting the isolated piece of the embryonic 
shield. 


MATERIAL AND METHODS 


The strain of the goldfish (Carassius auratus) exclusively used 
in these experiments was that of the Kuro-demekin (black telescope- 
eyed goldfish), which retains the black colour throughout the lifetime. 
In all experiments the naturally spawned eggs were used. About 10 
hours after spawning the eggs began to gastrulate and the embryonic 
shield became visible ca. an hour later. The operation was exclusively 
performed at the early neurula stage just after closure of the blasto- 
pore. At this stage, although the ectoderm did not show clear 
morphological differentiation, the anlage of the notochord was visible 
as a refractive streak running in the midline of the posterior part 
of the embryonic shield. After about an hour, the longitudinal 
central zone of the embryonic shield, approximately one-third of the 
width of the shield, began to sink to form the keel of the central 
nervous system. No neural folds were observed as in other teleostean 
embryo. However in sections the migrating cells could be observed 
at the dorso-lateral edge of the nerve cord at the stage when the 
latter segregated from the rest of the ectoderm. Probably these 
migrating cells correspond to the neural crest cells of other verte- 


_ brates. Although the presumptive area from where these migrating 


cells originated could not be distinguished as a segregated area, it 
was unquestionable from the histological investigations that a narrow 
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longitudinal zone running along the lateral border of the neural area 
corresponds to the neural folds of the other vertebrates. 

The operations were performed at room temperature in double- 
strength HottrreTer’s solution after removal of the egg capsule 
from the embryo. The embryonic shield is connected to the thin 
external embryonic periblast by its margin, and to the yolk sac by 
its floor. These connections were severed with fine glass or steel 
needles in order to take out the entire embryonic shield. Cultured 
in double-strength HoLtTrreter’s solution, the isolated embryonic 
shield could continue its development, but often produced an embryo 
with a defect tail. However differentiation of pigment cells was 
closely comparable with that of the control embryo. 


Fig. 1. Diagrams of the goldfish neurula, illustrating the subdivision 
of the embryonic shield. 1. A-D, Series I; A’-D’, Series II; 2. a-d, Series 
III; a’-d’, Series IV. 


The embryonic shield was first divided longitudinally into three 
zones. In the first series of experiments (Fig. 1, 1) the central zone 
separated was wider than the peripheral zones, while in the second 
series the peripheral zone was wider than the central (Fig. 1, 2). 
In the first series the greater part of the lateral border of the neural 
area was contained in the central zone, and in the second series the 
same area was included in the peripheral zone. All of these longi- 
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tudinal zones of the embryonic shield were subdivided into four 
pieces as indicated in Figure 1. 

The pieces thus prepared were cultured with the ordinary hanging 
drop method at 22°C. Asthe culture medium mostly double-strength 
HottTFreTEr’s solution with bicarbonate was used, and in some cases 
double-strength Niu-Twitty’s balanced salt solution was used. The 
preparations were sealed with paraffin and then inverted for 1 or 2. 
days, to allow the explants to settle down to the coverslip. For the 
purpose of sterilization, eggs and instruments were treated with 70% 
alcohol, and the glasswares and culture media autoclaved. 


EXPERIMENTAL RESULTS 


Within about 12 hours after explantation, the piece of the embry- 
onic shield became round and attached to the surface of the coverslip. 
The spreading of the migrating cells began on the second day and 
reached its maximum after two to three days. At first the migrating 
cells were distributed radially from the explant which remained 
attached in its original position on the coverslip. Later on, the radial 
arrangement of the migrating cells became less obvious. | Without 
changing the medium for more than 2 weeks the culture kept de- 
veloping. During this period the migrated cells differentiated various 


.cell-types. The following cell-types were distinguished: (1) Small 


spindle shaped epidermal cells, which at first spread out, then 
rounded up and later degenerated (Fig. 2). (2) Large amoeboid cells, 
which later differentiated into the chromatophores, distinguishable 
from the epidermal cells by their form and larger size (Fig. 3). 
Twenty four hours after expansion the first chromatophores could 
be recognized. Later they formed either melanophores or xantho- 
phores, but the two was never distinguishable until a faint trace of 
pigmentation in their cytoplasm appeared. One day later, an increase 
in pigment granules was indicated, which was followed by heavier 
pigmentation on the third or fourth day. In the melanophores, the 
onset of pigmentation corresponded fairly closely with its appearance 
in the normal embryo, whereas in the xanthophores pigmentation 
was often initiated earlier than in the normal. Not all the amoeboid 


pro-pigment cells differentiated into the chromatophores, but a few 


of them failed to acquire visible pigment and later detached themselves 
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Fig. 2. The epidermal cells appeared 24 hours after explantation. 
Series III, b. 


Fig. 3. The expanded cells and the free migrating amoeboid 
cells, which afterwards differentiate into the chromatophores. 
Three days after explantation. Series I, C. 
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Fig. 4. The myoblasts radiated from the cut end of the explant. 
Three days after explantation. Series I, C. 


Fig. 5. The xanthophores and the fully differentiated nerve fibers. 
7 days after explantation. Series I, B. : 
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from the coverslip. (3) Large spindle-shaped cells, which spread out 
vigorously in a large number and afterwards differentiated into 
myoblasts or muscle fibers (Fig. 4). (4) Fibrous unpigmented cells 
which differentiated into transparent neuroblasts (Fig. 5). The 
myoblasts and neuroblasts mostly radiated out from the main body 
of the explant and retained their connection with the latter through- 
out the whole period of culture. 

Notochord, myotome, neural tissue, tapetum cells, otocyst and 
blood vessels were mostly differentiated within the explant itself. 
The pronephric tubules could not be recognized in any of the cultures. 
The cell-types or tissues differentiated from the various area of the 
embryonic shield are summarized in Tables 1 and 2. 


Series I (Fig. 1, 1; Table 1, A-D): The medial parts of the 
embryonic shield, containing the lateral border of the presumptive 
neural region, differentiated chromatophores on all antero-posterior 
levels. But the pigment cell-forming potentiality somewhat differed 
along the antero-posterior axis. The region A, the most anterior 
part of the neural area, often failed to differentiate chromatophores. 
However, in two cases free migrating melanophores were observed. 
But in this region a circular mass of the tapetum cells appeared in 
almost all explants. Further in two preparations, a small number 
of poorly pigmented xanthophores were differentiated. In the region 
B, a frequent differentation of chromatophores was observed. How- 
ever, the melanophores are infrequent and poor in pigment granules 
like in region A. On the contrary, an overwhelming majority of 
the outgrowing pro-pigment cells invariably became xanthophores 
which were heavily laden with pigment in most cases. This region 
seemed to be the main source of xanthophores. The neuroblasts and 
myoblasts differentiated in a large number of cases, spreading out 
radially. One of the cultures contained a piece of notochordal struc- 
ture within the central cell mass. Another one differentiated an 
otocyst. The transparent vesicle which was often formed in the 
central cell mass, and degenerated before differentiation, may also 
have been the rudiment of the otocyst. 

Region C and D resemble each other in pigment cell-forming 
potentialities. As in the cases of the anterior regions, the explants 
exhibited the characteristic radial spreading. Migration of the cells 
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Table 1. Cell-types or tissues differentiated in the 
divided embryonic shield (1) 


Series I: Medial parts|Series II: Lateral parts 
Cultured region of embryonic shield, | of embryonic shield, 

containing lateral (containing no presump- 
Cell-types or tissues | border of neural area tive neural area 
differentiated A. OF 
Melanophores 0 1 1 
Xanthophores 0 1 1 0 
Epidermal cells 9 21... ae 4 4 6 5 
Neuroblasts or nerve fibers 4 0 0 
Myoblasts or muscle fibers 3.3 4 0 0 1 1 
Otocyst 0 2 0 0 0 0 
Blood vessels Op area 0 0 0 0 
No. of available explants 10 14 16 13 B.2§ 7 6 


was most vigorous in these regions. The chromatophores appeared 
numerously in almost all cultures. In the cultures of these regions 
the melanophores exceeds the xanthophore not only in number but 
also in the quantity of pigmentation. However the xanthophores in 
C and D were smaller than in region B. Within the main body of 
the explant a conspicuous differentiation of the notochord was noted 
in many preparations. 


Series II (Fig. 1, 1; Table 1, A’-D’): The isolated lateral parts, 
containing no presumptive neural cells have also differentiated 
chromatophores. But pigmentation of these cells was very scarce 
and their number very limited. In two preparations out of four 
which differentiated the pigment cells, only one chromatophore, 
either melanophore or xanthophore, has been observed in each ex- 
plant. In this series the explants were small in size which probably 
caused a high incidence of degeneration before cell differentiation. 
In one of the most anterior explant (A’), pigment cells of the tapetum 
grouped in a small mass, 


Series III (Fig. 1,2; Table 2, a-d): When larger pieces of lateral 
areas are cultured, numerous chromatophores differentiated in many 
preparations. In the region a, the most anterior part, the chromato- 
phore forming tendency was much less than in other ones. But the 
xanthophores appeared from this region were more heavily pigmented 
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and larger in number than those developed from the central anterior 
explants (region A). On the contrary, the melanophores were differ- 
entiated only in one preparation, where they were very few and 
scarcely pigmented. Also in region b, conspicuous differentiation of 


xanthophores was observed, but in the more posterior regions, c and 


d, the melanophores overwhelmed the xanthophores. This situation 
was similar to that found in the series I. 


Table 2. Cell-types and tissues differentiated in the 
divided embryonic shield (2) 


;' Series III: Lateral Series IV: Medial parts 
Cultured region parts of embryonic | of embryonic shield, 

shield, containing containing no 

lateral border of lateral border 

Cell-types or tissues | neural area of neural area 
Melanophores 0 2 3 3 
Xanthophores a eee 1 0 3 2 2 
Epidermal cells 2 3 6 6 
Neuroblasts or nerve fibers oS ee ee 2 4 7 5 
Myoblasts or muscle fibers Sa Bees 0 0 4 3 
Notochord 0 1 7 6 
Otocyst 0 1 0 0 
Blood vessels or a ae 0 0 0 0 
No. of available explants ee Gr 3 5 7 6 


Although in this series the medial part of the shield which is 
assumed to be the presumptive neural area, was not included, neuro- 
blasts or definitive nerve fibers were identified in the migrating cells 
in some preparations. The myoblasts also differentiated from the 
posterior preparations radiating out from the margin of the explant 
in many preparations. A round or circular body of the tapetum 
tissue was observed in the cultures from the most anterior level. 


Series IV (Fig. 1, 2; Table 2, a’-d’): The medial explants, con- 
taining the central parts of the presumptive neural area, also demon- 
strated some tendency of the pigment cell formation. The most 
anterior region, corresponding probably to the presumptive forebrain 
area, failed to differentiate the chromatophores except the pigment 
cells of the tapetum. From region b’, the chromatophores differ- 
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entiated frequently. Although both types of chromatophores appeared, 
xanthophores were dominating melanophores in the frequency in each 
culture and in completeness of differentiation. The neuroblasts or 
nerve fibers were found spreading out in most of the- explants, 
whereas the myoblasts could not be observed in any of the prepa- 


rations. From the posterior area (regions c’ and d’), however, the 


melanophores differentiated more numerously than xanthophores, 
although their total number and the grade of pigmentation are inferior 
to those of the melanophores formed in the medial series (region 
C’ and D’). The neuroblasts appeared in. almost all of the explants, 
and the myoblasts also were observed in the majority of the prepa- 
rations. In all of these explantations the notochord differentiated in 
the central part of the explant. 

In addition to these series with shield sections, culture of the 
isolated germ-ring located away from the embryonic shield was 
performed. The explants gave rise to a number of small migrating 
ectodermal cells, but degenerated before cell differentiation. Neither 
chromatoblasts nor chromatophores appeared in any of these prepa- 
rations. | 

From these experiments it was indicated that the pigment forming 
potencies are concentrated in the lateral border of the neural area, 
although atypical chromatophores may appear from the explant 
containing no presumptive neural tissue (series II, cf. p. 140). 

The differences in the chromatophore forming potentiality of the 
sections of the embryonic shield observed in these experiments were 
summarized in Tables 3 and 4. In these tables the negative cases of 
the chromatophore differentiation in the explants were indicated by 
—?, because the number of available experiments was too small to 
conclude the absence of the pigment forming potentialities. The 
other marks +, + and ++ represent the relative number of pigment 
cells. 

It is obvious from these tables that the chromatophore forming 
potentiality is high in the explants containing the lateral border of 
the presumptive neural area. On the other hand, the medial ex- 
plants (series IV), containing practically only the neural tissues, 
showed a low potentiality, indicating that the main origin of chromato- 
phores lies in the lateral border of the presumptive neural area. 
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Table 3. Pigment cell-forming potentialities of the © 
divided embryonic shield (1) | 


Series I: Medial parts of | Series II: Lateral parts of 
embryonic shield, contain- | embryonic shield, contain- 
ing lateral border of ing no presumptive 
neural area neural area 
A B C D AY D’ 
Melanophores + +t ++ + + 
Xanthophores + ++ th —? + + 


Table 4. Pigment cell-forming potentialities of the 
divided embryonic shield (2) 


Series III: Lateral parts of | Series 1V: Medial parts of 
embryonic shield, contain- | embryonic shield, contain- 
ing lateral border of ing no lateral border 
neural area of neural area 
a b Cc d a’ b’ e d’ 
Melanophores + —? + 44 + 
Xanthophores + ++ op + —? + + + 


Also along the longitudinal embryonic axis a gradual difference 
in the pigment forming potentiality is apparent. Within series I and 
II, the general tendency of the difference is closely comparable. 
From the anterior region the xanthophores differentiated in large 
numbers, while in the posterior region the melanophores overwhelmed 
the xanthophores in number. These relationships are also recognized 
for the other pair of series (series II and IV). 


DISCUSSION 


As is mentioned by Lopasnov (’44), the nerve cord formation in 
the fish embryo apparently differs from that of amphibian or most 
of other vertebrates, where the neural plate is transformed into the 
neural tube by rise and dorsal fusion of the lateral neural folds. In 
the fishes the nervous system is laid down by sinking of the neural 
ectoderm as a solid keel, the neural canal being altogether lacking 
at first. However, in spite of the absence of the neural canal the 
ectodermal mid-dorsal line should be closed by the fusion of both 
lateral ridges of the neural area. In sections, migrating cell groups 
were observed, just after the separation of the neural cord, between the 
epidermis and the dorso-lateral portion of the neural cord. Although 
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it was not possible to identify them in the sections of the subsequent 
stages, they probably represent the neural crest cells. In the lamprey 
embryo, where neural cord sinks also as a keel, the neural crest cells 
lie mid-dorsally as an unpaired strip above the neural cord at a late 
neurula stage (NewrTn, 751). These considerations lead us to the idea | 
that in the fish embryo the lateral border of the presumptive neural 
area corresponds to the neural folds of the amphibian embryo. In 
good conformity with this idea, the experimental results reported in 
this paper demonstrate that the lateral border of the presumptive 
neural area chiefly contributes to the formation of the embryonic 
pigment cells in the goldfish. | 

In the present investigation, however, some of the pigment cells 
are differentiated also from the piece of the presumptive epidermis, 
though they are very few in number and scarce in pigment granules. 
In isolation experiments on the Epiplatys embryo, OPPENHEIMER (’49) 


‘has observed a number of melanophores and xanthophores differ- 


entiating from the explants taken from the section of the germ-ring 
locating far away from the embryonic shield. A similar case has also 
been reported by OppENHEIMER (’49) in transplantations of the Fundulus 
germ-ring. From these experiments she concluded that in the teleost 
under certain experimental conditions pigment cells can be differ- 
entiated by cells which normally do not belong to the teleostean 
counterpart of the neural crest. This may be a case of “bedeutungs- 
fremde” differentiation. 

In the transplantation experiments of the groundling, LopasHov 
('44) has observed transformation of the axial mesoderm into brain, 
pigment cells and visceral cartilage. From these data he concluded 
that in teleosts the processes of formation of various types of cells 
are less determined than in other vertebrates. Considering these data 
it appears probable that also the pigment cells differentiated in the 
present culture of the presumptive epidermis are derived from the 
cells which normally do not contribute to the same cell type, in a 
“bedeutungsfremd” way. 

The pigment cells were also differentiated from the explants 
containing the presumptive neural area proper. Tapa (’44) and Niv 
(54) have demonstrated that in amphibia the pigment cell-producing 
potency is not restricted within the neural fold but extends to the 
median portion of the neural plate, In the teleostean fishes, the 
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transplanted bottom of the brain also formed the chromatophores 
(LopasHov, 44). In the present investigations many of well developed 
chromatophores appeared in the pieces from the central neural area 
excluding the most anterior region. These results seem to indicate 
that the presumptive neural area also has the pigment forming 
potency in the goldfish. Whether this potency is realized in the 
normal development is a question not easy to solve. When we 
compare series I, including the lateral border area and neural area, 
with series II, including the border area and epidermal area, the 
former showed a higher frequency of pigment cell formation than 
that of the latter. This may be also interpreted by assuming a 
capacity of pigment cell formation in the cells of the neural area. 

In the present experiments, no chromatophores except the tapetum 
cells appeared in the most anterior piece (a’). Very probably this 
region corresponds to the presumptive forebrain area. Similarly in 
the newt, TapA (’44) reported absence of pigment cells in the explanted 
anterior, central pieces of the neural plate. 

According to Niu (47) the posterior fifth of the amphibian neural 
fold, which contains the material of the tail region, has only a very 
weak tendency of pigment cell-formation. In fishes this portion corre- 
sponds to the germ-ring, and in the present experiments this section 
also failed to indicate a clear tendency for pigment cell-formation. 


In the present experiments the frequency of pigment cell-for- 
mation indicated a gradient along the longitudinal axis, that for the 
xanthophores with the apex at the head level and that for the malano- 
phores with the apex at the trunk. As has been observed by Orton 
(53) in normal development of some pelagic fishes, the xanthophores 
first appear at the head level and the majority of melanophores at 
the trunk level. A similar situation has also been observed for normal 
development of the goldfish. Thus the sequence of the normal pig- 
mentation may be reflected in the above mentioned experimental 
results. 


The author wishes to express his sincere thanks to Professor T. SATO 
for his constant encouragements and for his precious criticisms. Thanks are 
also due to Professor T. YAMADA for helpful criticism and reading the manu- 
script, and finally to Mr. M. KATO for his kind preparation of the photographs. 
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SUMMARY 


1. Pigment cell formation of the embryonic shield of the goldfish 
was studied in the isolated sections of the shield cultured in vitro. ° 

2. The chromatophores, melanophores or xanthophores, were differ- 
entiated most frequently from the sections containing the lateral 


border of the presumptive neural area corresponding to the neural 


fold of the amphibian embryo. 

3. The presumptive neural area also indicated a tendency to form 
pigment cells, which was however clearly inferior to that of the 
lateral border of the neural area. 

4. In some explants of the presumptive epidermis, chromatophores 
scarce in pigment granules appeared infrequently. These cells seemed 
to be transformed from the ectodermal cells under the experimental 


conditions. 

5. In the anterior sections more xanthophores and less melano- 
phores, and in the posterior sections less xanthophores and more 
melanophores were differentiated. Probably in normal development 
the anterior region of the embryonic shield contributes to formation 
of the xanthophores which first appear at the head level, while its 
posterior region brings forth the melanophores of the whole embryo. 
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MORPHOGENETIC EFFECTS OF SUBFRACTIONS 
_OF PENTOSE NUCLEOPROTEIN FROM THE 
LIVER SEPARATED BY MEANS OF 
ULTRACENTRIFUGATION” 


YUJIRO HAYASHI” and KENZO TAKATA . 
Biological Institute, Faculty of Science, Nagoya University, Nagoya, Japan 


INTRODUCTION 


A sample of pentose nucleoprotein isolated from an extract of 
guinea pig liver by the use of streptomycin sulfate induces archen- 
cephalic and deuterencephalic structures in the isolated presumptive 
ectoderm of Triturus pyrrhogaster (HAYASHI, 1956, 1958). Although 


the sample shows a single boundary on the electrophoresis, this cannot | 


be taken as decisive evidence for its homogeneity. Moreover, the 
induction of deuterencephalic structures in addition to archencephalic 
ones by the sample could be interpreted as suggesting the existence 
of two components in the sample inducing each regional type. These 
considerations led us to fractionate the sample by ultracentrifugation, 
and, to test the subfractions for the morphogenetic effect on the 
isolated presumptive ectoderm of the Triturus gastrula. 


MATERIALS AND METHODs?’ 


The procedure for isolation of pentose nucleoprotein from the 
guinea pig liver involving sedimentation with streptomycin sulfate 
was described in the preceding papers (Havasu, 1956, 1958). The 
pentose nucleoprotein solution obtained after dialysis against 0.3m 


1) Supported in part by a grant from the Rockefeller Foundation to the 
Biological Institute and by the Research Expenditure form the Ministry of 
Education of Japan. 
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NaCl solution (pH 7.6, m/20 borate buffer) was used exclusively as 
the starting material for the following fractionation. 


Ultracentrifugal fractionation: Three series of fractionation 
under slightly different conditions were conducted. In the first series, 
the nucleoprotein solution was centrifuged at 38,500 r.p.m. (100,000 g) 
and 8°-10°C. for one hour by the Phywe ultracentrifuge and a pink, 
gelatinous precipitate was obtained. It was fixed in cold 95% ethanol 
and designated as UI-Pit(I). An aliquot of the supernatant was 
precipitated by adding cold 95% ethanol up to the final concentration 
of 70%. The white precipitate was collected by centrifugation, stored 
in 95% ethanol at 5°C. and used in Experimental Series UI-Sp(J). 

In the second series, the pinkish precipitate separated after 
centrifugation of the nucleoprotein sample at 50,740 r.p.m. (161,180 g) 
and 0°C. for one hour with the Spinco Model E ultracentrifuge was 
preserved in cold 95% ethanol. This sample was tested for its 
inductive effect in the Experimental Series U/-Pt( 16). 

In the last series, the nucleoprotein solution was first centrifuged 
at 42,040 r.p.m. (116,600 x g) and 0° C. for one hour and the obtained 
supernatant was further centrifuged at 52,640 r.p.m. (173,490 g) and 
0°C. for one hour by the spinco Model E ultracentrifuge. The first 
pink precipitate and the second white precipitate were fixed in cold 
95% ethanol and designated as UJ-Pt(11) and UI-Pt(17), respectively. 
The supernatant after centrifugation at 173,490 g was precipitated 
by cold 95% ethanol, collected centrifugally and preserved in 95% 
ethanol at 5°C. This sample was called Ul-finSp. 


Chemical analyses of the sample: The chemical analyses for 
pentose nucleic acid (PNA) and protein in the sample were carried 
out as described before (Havasu, 1956). In Table 1 thus calculated 
PNA contents of samples are indicated. It was not possible to make 
the determination for samples U]-Pi(16) and UI-Pit(17). As reported 
earlier no DNA was detected in the original sample of pentose 
nucleoprotein prepared with the present technique (Hayasui, 1956). 

As is evident from Table 1, the faster sedimenting subfractions 
contained relatively small amount of PNA and the major bulk of 
PNA remained in the supernatant in the ultracentrifugal fields. 
Probably this means that the faster sedimenting subfractions were 
composed of a larger amount of non-nucleoprotein and a smaller 
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amount of pentose nucleoprotein, whereas the supernatant was 
composed mainly or exclusively of pentose nucleoprotein (Table 1). 


Table 1. Designation, characterization and PNA content of ultracentrifugal 
subfractions of a liver pentose nucleoprotein sample 


Characterization of samples PNA content 
of by the centrifugal force (48: of 
P applied for separation of protein-N 

UI-Pt(I). Sedimented at 100,000x g for 10.2 

1 hour ; 
UI-Sp(T) Non-sedimentable at 100,000 g 92.7 

for 1 hour : 
UI-Pt(16) Sedimented at 161,180x g for 

1 hour 
Ul-Pt( 11) Sedimented at 116,600x g for 123 

1 hour 
UI-Pt(17) Sedimented at 173,490x g for Lot 

1 hour 
Ul-finSp Non-sedimentable at 173,490x g 197.5 

for 1 hour : 


Physical analyses of the sample: An electrophoretic study of the 
original sample of pentose nucleoprotein was performed with a 
TisELIUs apparatus in 0.2 » phosphate buffer at pH 7.5 in a field of 
2.3 volts/cm. and in 0.24 borate buffer at pH 8.5 in a field of 3.4 
volts/cm. At both pH’s the sample showed a single boundary, 
irrespective of their PNA content. The mobilities calculated from 
their patterns in both buffers were —5.1~ —5.3 (cm?/sec/volt x 10~°) 
in the descending limb and —6.0~-—6.1 in the ascending limb 
(TAKATA, 1957). 

Further, measurements of flow birefringence of nucleoprotein 
samples were carried out by a concentric cylinder apparatus with 
the rotating outer cylinder. The original sample of pentose nucleo- 
protein showed an intense flow birefringence, the extinction angle 
(7) being 10~16 at the velocity gradient of 3,600 sec™’. However, 
no flow birefringence was detected in the supernatant subfraction 
obtained after 100,000x g ultracentrifugation (TaKaTA, 1957). 

Each sample of the subfractions was tested for its inductive effect 
on the isolated presumptive ectoderm from the early gastrula of 
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Triturus pyrrhogaster. Details of the embryological technique were 
in common with those described in preceding papers published from 
our laboratory (YamapA, 1950a; Hayasui, 1955, 1958; Yamapa and 
TAKATA, 1955 a, 1956). 


EXPERIMENTS 


The results obtained in all experimental series are summarized 
in Tables 2 and 3. Neural structures were induced in all series. 
However, as indicated in the Tables, the sedimenting subfractions, 
Ul-Pt(I), Ul-Pt(16), Ul-Pi(11) and UlI-Pt(17), induced at a lower 
frequency neural structures in the ectoderm when compared with 
the non-sedimenting subfractions, Ul-Sp(J) and Ul-finSp. Further, 
by the sedimenting subfractions archencephalic structures were more 


Table 2. Inductive effects of subfractions of a pentose nucleoprotein 
sample separated by ultracentrifugation (I) 


For the designation of the samples see Table 1 


Experimental series Ul-Pt(\I) Ul-Sp(I)  UlI-Pt(16) 
No. of available explants 53 59 26 
No. of explants with any in- 50 59 21 
duction | (94% ) (100% ) (81%) 
No. of explants with neural 38 59 13 ; 
induction (72%) (100% ) (50% ) 
No. of explants containing induction types: 
Eye 18 1] 3 
Fore-brain 17 5 2 
Nose 13 3 1 
Lens 1l 4 3 
Pigment vesicle 10 9 5 
Neural placode 14 11 5 
Non-specifiable brain 20 9 5 
Superficial neural epithelium 1 18 0 
Winding neural tube 3 29 1 
Hind-brain 3 16 4 
Ear vesicle 2 17 1 
Mesenchyme 44 56 16 
Melanophores 38 48 19 
No. of explants with arch- 29 a ao 7 
encephalic induction _ (55% ) (34% ) (27%) 
No. of explants with deuter- 5 42 5 
encephalic induction ( 9%) (71%) (199%) 
No. of explants without re- 20 5 11 
(42% ) 


gional character (389% ) ( 8%) 


| 
= 
| 
& 
| 
4 
Be 
me 
bi 
4 
at 
a 


INDUCTION BY SUBFRACTIONS OF PNP 153 


Table 3. Inductive effect of subfractions of a pentose nucleoprotein 
sample separated by ultracentrifugation (II) 


For the designation of the samples see Table 1 


Experimental series Ul-Pt(11) Ul-Pt(17)  Ul-finSp 
No. of available explants 21 31 37 
No. of explants with any in- 20 26 37 
duction (95%) (84%) (100% ) 
No. of explants with neural 17 21 36 
induction (81%) (68% ) ( 97%) 


No. of explants containing induction types: 


Eye 10 7 
Fore-brain 9 10 4 
Nose 5 6 2 
Lens 6 5 3 
Pigment vesicle 3 9- 2 
Neural placode 6 8 11 
Non-specifiable brain 8 8 2 
Superficial neural epithelium 1 1 22 
Winding neural tube 3 1 25 
Hind-brain 2 5 1 
Ear vesicle 1 6 8 
Mesenchyme 18 23 28 
Melanophores 15 20 29 
No. of explants with arch- 12 17 ) 
encephalic induction (S7%) (24% ) 
No. of explants with deuter- 5 9 27 
encephalic induction (24% ) (29% ) (73%) 
No. of explants without re- 1 5 § 
gional character ( 5%) (16%) (14%) 


often induced than deuterencephalic ones. On the contrary, the 
frequency of deuterencephalic structures exceeded that of archen- 
cephalic structures in the series with non-sedimenting subfraction, 
Ul-Sp(I) and Ul-finSp. 

In the experimental series with sedimenting subfractions, the 
induced neural structures were relatively small and occupied gener- 
ally a restricted portion of the explant. This applies to the induced 
structures with definite regional characters as well as to those without 
a regional character, in all the series of sedimenting subfractions 
(Fig. 1 and 2). On the other hand, in Experimental Series, Ul-Sp(J) 
and Ul-finSp, the major material of the explant was neuralized even 
when definite regional structures failed to develop. In these series, 
well formed deuterencephalons accompanied by ear vesicles and 
ganglions were induced besides rather atypical winding neural tubes 
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Figs. 1 and 2. Induction 
ofj small neural ’structures 
by sedimenting subfractions. 


Fig. 1. Series Ul-Pt(/). 
A small eye-type structure 
accompanied by a lentoid 
and two nose-type_ struc- 
tures, one of which is shown 
with its opening. In another 
section of the explant, a 
small fore-brain-type struc- 
ture is observed developing 
distally from the implant 
and in continuity with the 
eye-type. Mesenchyme and 
some melanophores were 
also induced. 


Fig. 2. Series Ul-Pt(17). 
A small, slender hind-brain- 
like structure and mesen- 
chyme. 
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Fig. 4 


Figs. 3 and 4. Induction of deuterencephalic structures by the non- 
sedimenting subfraction (Series Ul-Sp(I)). A hind-brain-type structure 
accompanied by small ear vesicles and mesenchyme. 
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(Figs. 3 and 4). hus, comparison of results of sedimenting and 
non-sedimenting subfractions shows definite difference in the frequen- 


cy and magnitude of induction as well as in the regionality. 


The statistical data for evaluation of the difference between 
experimental series are shown in Table 4. 


Table 4. Statistical significance of the difference in induction 
frequencies between series with sedimenting and non- 
sedimenting subfractions of liver pentose nucleoprotein 


P values for the difference in 
induction frequency 


Between Between Between 
Ul-Pt(IT) and UlI-Pt(1Z) and U/JI-Pt(17) and 
Ul-Sp(I ) Ul-finSp Ul-finSp 
Total neural in- 
duction 0.001>P 0.30<P 0.05>P 
Archencephalic 
induction 0.20<P 0.10<P 0.10<P 
euterencephalic 
0.001>P 0.02>P 0.01>P 
ithout regio- 
nality 0.90<P 0.99<P 
DISCUSSION 


Although the original samples of pentose nucleoprotein, from 
which the subfractions studied were centrifugally derived, were not 
tested for their inductive effect, similar samples isolated from the 
liver induced deuterencephalic structures accompanied by archen- 
cephalic ones at a very high frequency (Table 5, and Hayasu1, 1958 
and unpublished). Therefore, the inductive activity of the non- 
sedimenting subfractions may be regarded as comparable to that of 
the original sample of pentose nucleoprotein in the over-all induction 
frequency and in the regional type of induction. In other words, the 
inductive effect of the original sample of pentose nucleoprotein may 
be represented by that of the non-sedimenting subfractions. Now, 
the reported results suggest that the main component of the sedi- 
menting subfraction, which is assumed to be non-nucleoprotein, is 
distinguished from the main component of the non-sedimenting sub- 
fraction, which is nucleoprotein, by a lower activity in the total 
neural and deuterencephalic induction. This difference in the inductive 
effect between sedimenting and non-sedimenting subfractions cannot 
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Table 5. Variation in the regional inductive effect of pentose nucleoprotein 
from the liver isolated at different times by the same technique 


Experimental series [» II iW 
No. of available explants 
No. of explants with any induction (100% ) (100% ) (100% ) 
No. of explants with neural induc- 78 52 62 
tion (100% ) ( 969%) (100% ) 
No. of explants with archencephalic 76 38 6 
induction ( 97%) ( 70%) ( 10%) 
No. of explants with deuteren- 0 34 54 
cephalic induction ( 639%) ( 87%) 
No. of explants without regional 9 4 4 
character 


1) Experimental series designated as PT in HAYASHI (1956). 


be ascribed directly to the difference in their PNA concentration. In 
the previous experiments, where samples of pentose nucleoprotein 
induced almost exclusively archencephalic structures, the PNA content 
of the sample was found to be high, whereas another sample with 
deuterencephalic and archencephalic effects showed a lower PNA 
content (Hayasu1, 1956 and 1958). This is a relationship opposite to 
the one found in the present work between sedimenting and non- 
sedimenting subfractions. Moreover, removal of PNA from samples 
of pentose nucleoprotein has been proved to have influence neither 
on the regional effect nor on the over-all induction frequency of the 
samples (HayAsui, unpublished). On the other hand, a short heat- 
treatment of the sample of pentose nucleoprotein with deuteren- 
cephalic and archencephalic effects leads to a complete suppression 
of the deuterencephalic effects, which is compensated by an increase 
in the archencephalic ones (Hayasui, 1958). One of the present 
authors (Hayasur, 1958) further reported that pepsin and trypsin 
progressively inactivate the deuterencephalic and archencephalic 
inductive ability of the liver pentose nucleoprotein sample. 

The simplest interpretation of the observed facts concerning the 
regional inductive effects of the samples of liver pentose nucleoprotein 
appears to be the following: (1) All the regional effects of the 
samples are caused by their protein component; (2) The deuteren- 
cephalic effect is obtained if the protein is in a labile state, whereas 
the archencephalic effect is obtained if it is in a stable state. 
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According to this interpretation heat-treatment converts the 
physical state of the protein from labile to stable, and hence changes 
the regional inducing effect of the nucleoprotein sample. The differ- 
ence in the regional effects of various samples of liver pentose 
nucleoprotein may be due to variation in the physical state of the 
protein component of the samples according to the physiological 
conditions of the source animals. If we take this view, the difference 
in the inductive effects of the sedimenting and non-sedimenting 
subfractions is dependent on the difference in the physical state of 
their protein components. However, our experiments do not allow 
to decide whether this difference is caused by the specific character 
of proteins or by a difference in the physical condition of similar 
proteins contained in the subfractions. 

The here mentioned view-point is in perfect accord with the idea 
developed earlier (YAMADA and TaKATA, 1955a, b), in which dor- 
salizing and caudalizing factors (Mav and Mc, respectively) are as- 
sumed for regional induction. Single action of the dorsalizing factor 
leads, according to this hypothesis, to archencephalic induction, while 
cooperation of dorsalizing and caudalizing factors leads to deuteren- 
cephalic or spinocaudal induction. If in the latter case the level of 
caudalizing factor is higher, spino-caudal effects are obtained, and if 
it is lower deuterencephalic effects are the results. Applying the hy- 
pothesis to the present case, the protein component of our nucleo- 
protein should contain both factors. The dorsalizing factor is more 
stable and inactivated by pepsin and trypsin, while the caudalizing 
factor is labile and quickly inactivated by heat, and chages according 
to the physiological conditions of the animals from which the samples 
are derived. The protein of non-sedimenting subfraction should have 
a higher level of the caudalizing factor than that of the sedimenting 
subfraction. For further discussion of these questions readers are 
referred to ealier papers (YAMADA, 1950a, b; YamMaADA and TAKATa, 
1955 a, b). 

Some efforts have been made to find out physico-chemical 
properties of nucleoprotein samples, which are related to their 
morphogenetic effects. For this purpose we compared a sample of 
liver pentose nucleoprotein inducing archencephalic and deuteren- 
cephalic structures with that of kidney pentose nuceloprotein inducing 
spino-caydal and deuterencephalic structures. According to the idea 
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mentioned above, the difference between the two samples should be 
in the level of the caudalizing factor, which may be higher in the 
sample from the kidney than in that from the liver. 

As mentioned above, a marked flow birefringence was observed 
in the original sample of liver nucleoprotein. On the other hand, 
a corresponding sample of kidney nucleoprotein did not show flow 
birefringence under similar experimental conditions. However, the 
weight of these findings was reduced when it was found that the 
non-sedimenting liver nucleoprotein subfraction with archencephalic 
and deuterencephalic effects failed to show the birefringence. Thus 
this property is not directly associated with any inducing ability of 
pentose nucleoprotein. Also in electrophoretic mobilities (cf. p. 151) 
and in sedimentation coefficients both samples could not be dis- 
tinguished from each other (Takata, unpublished). Further, a 
preliminary paper chromatographic study did not reveal any marked 
difference between the two samples of nucleoprotein in qualitative 
amino acid composition (Taxata, unpublished). 


SUMMARY 


1. A pentose nucleoprotein sample from the guinea pig liver was 
fractionated by means of ultracentrifugation into two or three sub- 
fractions, and their morphogenetic effects were tested on the isolated 


presumptive ectoderm of Triturus pyrrhogaster. 

2. All the subfractions sedimented by the centrifugal force of 
160,000-170,000 x g for one hour caused weaker induction, in which 
archencephalic type was dominating. On the other hand, the non- 
sedimenting subfractions representing the bulk of pentose nucleo- 
protein was shown to have strong deuterencephalic effects accompanied 
by weaker archencephalic effects. 
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INDUCTIVE ABILITY OF THE ISOLATED VEN-| 
TRAL MESODERM OF TRITURUS GASTRULAE 
DORSALIZED BY VARIOUS AGENTS 


KEN-ICHI OGI 
Department of General Education, Nagoya University, Nagoya, Japan 


INTRODUCTION 


When the medio-ventral marginal zone is isolated from the early 
amphibian gastrula and cultured in a balanced salt solution, ventral 
mesodermal structures such as blood island and mesothelium are 
formed (FERNALD, 1943; Yamapa, 1950 a; Oct, 1958). A brief treat- 
ment of the isolated pieces with ammonia, lactic acid or thiocyanate 
has been found to alter the mode of differentiation, giving rise to 
notochord and somites which may be characterized as dorsal struc- 
tures, suppressing simultaneously the frequency of ventral structures 
(YAMADA, 1950 a; KAWAKAMI and OKAno, 1955; Oct, 1958). The effect 
of those treatments has’ been designated as dorsalization (YAMADA, 
1950 a, b; Karasaki, 1957; Oc1, 1958). In the normal development 
the neural tissue is induced in the ectoderm by the dorsal mesoderm 
which differentiates the notochord and somites, while the ventral 
mesoderm characterized by differentiation of the blood island and 
mesothelium is devoid of inductive influence on the ectoderm. Hence 
it may be expected that dorsalization of the ventral mesoderm is 
accompanied by the appearance of ability to induce neural structures 
from the ectoderm. That this is actually the case is suggested in 
experimental results reported already: When the isolated medio- 
ventral mesoderm is treated with ammonia or thiocyanate, the isolates 
differentiated, beside mesodermal tissues, ectodermal structures re- 
sembling hind-brain, spinal cord, and ear-vesicles (YAMADA, 1950 a; 
Oc1, 1958). The formation of these structures was interpreted as 
caused by an inductive influence from the dorsalized mesoderm on 
the ectodermal component included in the original isolate of the 
medio-ventral mesoderm. The possibility that these ectodermal struc- 
tures of the deuterencephalic and spino-caudal nature are induced 
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directly in the ectoderm by the dorsalizing agents was excluded by 
the finding that the isolated ectoderm differentiated only archen- 
cephalic structures such as fore-brain, eye, and nose after treatment 
with various dorsalizing agents (HoLTFRETER, 1944, 1947; Yamapa, 
1950a; Karasak1, 1957; Oc, 1958). On the other hand, KawaKamI 
et al. (1955) reported that when the isolated medio-ventral mesoderm 
was treated with a solution of lactic acid, put back in the standard 
culture medium, and then wrapped in the isolated ectoderm, beside 
mesodermal structures archencephalic structures were differentiated 
from the combinate. These experiments again suggested the presence 
of the neural inducing capacity in the ventral mesoderm dorsalized 
by a disaggregating treatment. Here, however, the regional type of 
induced ectodermal structures was distinct from that obtained in the 
series with ammonia or thiocyanate. 

The experiments to be reported in the present paper were 
designed to test whether the medio-ventral mesoderm of the early 
gastrula of Triturus pyrrhogaster, dorsalized by sodium thiocyanate, 
sodium iodide, urea, ammonia, hydrochloric acid, and zinc chloride 
obtains an inductive capacity on the ectoderm, and further to specify 
the regional type of the ectodermal structures thus induced. 

Before proceeding, the author acknowledges his gratitude to Prof. 
Tungéo Yamapa for suggesting this experiment and reading the 


manuscript. 


MATERIALS AND METHODS 


Pieces of the presumptive ectoderm and the medio-ventral meso- 
derm of the earliest gastrula of Triturus pyrrhogaster were isolated. 
In isolating the pieces of the mesoderm it was not possible to exclude 
completely endodermal cells lying in the vicinity. Immediately after 
isolation, the isolates of medio-ventral marginal zone were immersed 
in the media mentioned below. When the disintegration of the isolates 
was indicated, they were transferred to HoLTFrReETER’s solution (see 
below) where most of the cells reaggregated. The reaggregates were 
transferred separately to dishes with fresh medium. After about one 
hour, they were wrapped with the presumptive ectoderm which was 
excised beforehand and had been kept in HoLtrreTeEr’s solution. The 
combinate was cultured in HoLTFrRETER’s solution. The composition of 
used media and the duration of treatments were as follows: 
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Sodium thiocyanate solution (m/30): 1 cc. of 1™m sodium thio- 
cyanate was diluted with 29 cc. of HoLTFRETER’s solution; pH: 7.2-7.4; 
period of exposure: 15 minutes. | 

Sodium iodide solution (m/30): 1 cc. of 1m sodium iodide was 
diluted with 29cc. of HoLTrrRETER’s solution; pH: 7.2-7.4; period of 
exposure: 13-15 minutes. 

Urea solution (m/20): 1cc. of 1m urea was mixed with 19 cc. of 
Ho.LtTFRETER’s solution; pH: 7.2-7.4; period of exposure: 6 minutes. 

Ammonia solution (ca. m/85): Prepared by adding 0.01 cc. of 
ammonia (20%) to 10 cc. of unbuffered HoLtTrreter’s solution; pH: 
ca. 12.0; period of exposure: 2 minutes. 

Hydrochloric acid solution (m/1,000): Prepared by adding 0.1 cc. 
of 1Nn HCl to 100cc. of HoL_trreter’s solution; pH: ca. 2.2; period 
of exposure: 2 minutes. 

Zinc chloride solution (m/50): 1mMm zinc chloride solution was 
diluted with Hottrreter’s solution; because zinc chloride solution 
produced precipitate in the neutral and alkaline range, pH of the 
solution was adjusted with hydrochloric acid to ca. 6.0-6.2; period of 
exposure: 3-4 minutes. 

As the culture medium HOLTFRETER’s solution buffered with 
sodium bicarbonate at pH 7.0-7.2 was exclusively used. The operation 
and cultivation were done under sterile conditions. After 11 days of 
culture at 20°C., explants were fixed in Bourn’s fluid for histological 
observation. 

The individual structures encountered in microscopic examination 
were classified according to the criteria proposed by Yamapa (1950a, b) 
and YAMADA and TaxkATA (1955). As emphasized by Yamapa, the 
structures obtained in combinates were not exactly identical with their 
normal counterparts. The main induced structures were classified 
into 3 regional types: archencephalic, deuterencephalic, and spino- 


caudal. 


RESULTS 


I. Control series: Pieces of the presumptive ectoderm and the 
medio-ventral marginal zone isolated from the earliest gastrula of 
T. pyrrhogaster were kept in HoLTFrRETER’s solution for 1 hour, and the 
latter isolate was wrapped with the former, and the combinate was 
cultured in HoLTrreTer’s solution for 11 days. During the course of 
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culture, the combinate developed a sphere covered by epidermis. 
Occasionally, they were accompanied with thin and wrinkled pieces 
of epidermis. In the other cases the area of the combinate attached 
to the bottom of the culture dish was free from epidermis. 


The result of the histological observation of 85 combinates is 
shown in Table 1. Except one combinate with not well differentiated 
myotomes, all the combinates contained typical mesodermal structures 
of the ventral area. :Small number of melanophores were observed. 
No other ectodermal structures than small number of melanophores 
were encountered, which could be interpreted as the products of in- 
duction caused by the mesodermal component in the ectodermal one. 
Beside structures indicated on the table epidermis and small pieces 
of endoderm were included in the combinates. 


It may be added that under the same culture conditions the pure 


ectoderm isolated from the early gastrula of 7. pyrrhogaster differ- 


entiates an irregular group of epidermis cells (YAMADA, 1950a, b; 
YAMADA and TAKATA, 1955; Oc, 1958) and the isolated medio-ventral 
mesoderm of the same developmental stage of the same species differ- 
entiates mainly blood island, mesothelium, and nephric tubule (Yamapa, 
1950a; Oct, 1958). 


II. Experimental series: 6 series of experiments were conducted, 
using respectively sodium thiocyanate, sodium iodide, urea, ammonia, 
hydrochloric acid, and zinc chloride as the dorsalizing agents. The 
experimental procedure adopted has been described above (p. 162). 
The observations made on the isolate during and after the treatment 
with these dorsalizing agents conformed well with those reported in 
details in the previous paper (Oc1, 1958), and were in general agree- 
ment with those of other workers under slightly different conditions 
(HOLTFRETER, 1947; YAMADA, 1950a; KarasaAki, 1957a, b). The 
reaggregates of ammonia-, hydrochloric acid- and zinc chloride-series 


were so sticky to the glass needle that it was not easy to wrap them 
in the ectoderm. Whereas in the control series, the combinate re-' 


tained the roughly spherical contour throughout the culture, the 
combinates of sodium thiocyanate-, sodium iodide-, urea-, and ammonia- 
series indicated stretching movements during the culture, which led 
to formation of rod-like structures or of tail-like processes attached 
to the main body (Fig. 1), The combinates of the hydrochloric acid-, 
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and zinc chloride-series, however, did not indicate the stretching 
movement. 


Fig. 1. Combinates containing the isolate of the medio-ventral 
mesoderm treated with urea (M/20) for 6 minutes, showing promi- 
nent tail-like processes. ( x56) 


The results of histological observation are summarized in Table 1, 
and compared with those of the control series. In all experimental 
series dorsal mesodermal structures, such as notochord and somites 
(myotomes, muscle), which were not observed in the control series 
were frequently differentiated. On the other hand, the frequency of 
blood cells and blood vessels were considerably less than those found 
in the control series. Moreover, the number of blood cells in one 
combinate was apparently smaller than in the control series in all 
experimental series. In almost all cases, somites indicated a regular 
serial arrangement as shown in Fig. 2. Their size and topographical 
relationship with other structures seem to suggest their caudal nature. 
Two types of notochordal tissues were distinguished: Either the 
vacuolated cells were scattered among the myoblasts and mesenchyme 
cells without forming a coherent mass, or they were arranged into 
an elongated cord which sometimes assumed a spiral course. The 
series of hydrochloric acid and that of zinc chloride were distinguished 
from the rest by the lower frequency of pronephric tubules, serially 
arranged somites, their derivatives, and of notochord. 
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Fig. 2. Metamerically arranged somites in a combinate of the 
thiocyanate-series. ( x37) 


Fig. 3. A section through a combinate of the thiocyanate- 
series showing deuterencephalic and spino-caudal neural structures 
accompanied by a ear vesicle. A notochord surrounded by muscle 


in the right half. (x50) 


As evident from Table 1, all experimental series gave rise to 
various ectodermal structures, most of which failed to appear in the 
control series. Melanophores presented here the only exception, which, 
as stated above, also appeared in the control series, though in smaller 
number and less frequently than in experimental series. Very proba- 
bly all those ectodermal structures were formed by the ectodermal 
component under the inductive influence of the mesodermal component 
dorsalized by the treatments. By classifying the ectodermal struc- 
tures obtained into three regional types, namely archencephalic, 
deuterencephalic, and spino-caudal (Table 2), the experimental series 
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can be divided into two groups: Sodium thiocyanate-, sodium iodide-, 
urea-, and ammonia-series gave rise frequently to deuterencephalic 
and spino-caudal structures (Fig. 3), but only exceptionally to archen- 
cephalic one. On the contrary, hydrochloric acid- and zinc chloride- 
series tended to form various archencephalic rh In the first 
group of experimental series, the neural structures often formed an 
organ-complex together with the mesodermal structures. For instance 
a main axis composed of the hind brain and spinal cord was often 
accompanied by a notochord, metamerically arranged myotomes, and 
a number of ear vesicles (Fig. 4). In the only combinate with archen- 
cephalic differentiation in the first: group of experimental series, 
archencephalic structures formed a part of a large complex with 
deuterencephalic and spino-caudal structures (Table 2). Table 2 
shows further that the ear vesicle always accompanied the hind brain. 
In the second group of experimental series a large number of archen- 
cephalic structures were formed, which include fore brain, eye, nose, 
and lens (Fig. 5). Table 2 indicates a close association of all these 
structures. The main mesodermal tissues differentiated in the combi- 
nates with archencephalic structures were mesenchyme. 


Fig. 4. A schematic reconstruction of axial structures 
developed in a combinate of the thiocyanate-series. 

N---neural structure (hind-brain and spinal cord). E--- 
ear vesicles. No---notochord. M---muscle. Me---mesen- 
chyme. (x45) 
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168 
Fig. 5. A group of archencephalic neural structures in 
a combinate of the hydrochloric acid-series. Pigment ac- 
cumulation in the eye-type structure on the left side.. ( x75) 
Table 1. Differentiation of the combinates composed of the medio- 
ventral mesoderm treated with dorsalizing agents and the ectoderm 
& 
No. of available combinates sn 1608 
$2 Blood vessels 29 | 2 0 2 
| Mesothelium 37 10 
| Mesenchyme 74. 92 90 101 
& | Pronephric tubules | . 1. 
Myotomes (98). 11 10 
oD cattere 4 3 4 
Fore-brain 0 0 
Lens 0 0 3 1 
Tw Hind-brain 0 1.21 3 6 3 3 
Ear vesicles 0 3 3 5 2. 
= Spinal cord 0 
| 0 8 041 2 1 1 
No. of combinates with ecto- 
dermal structures | 6 41 28 29 56 (61 40 
No. of combinates with neural ian 


structures 
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Table 2. Distribution of various types of induced 
structures in experimental series 


Agents 


monia 


Am- 


No. of combinates with neural 


induction 31 


cord | 
ind-brain+ear-+spinal cord 
Hind-brain-+ear 
Hind-brain 
Lens+eye-+nose-+fore-brain 
+hind-brain+ear+spinal cord 
Hind-brain+ear-+fore-brain 
+nose+eye 
Fore-brain+eye+lens+nose 
Fore-brain+eye+nose 
Fore-brain-+nose 
Fore-brain+eye 
Fore-brain+lens+eye 
Eye 
No. of: combinates with arch- 
encephalic induction 
No. of combinates with deuter- | 
encephalic induction | 
No. of combinates with spino- 
caudal induction 
No. of combinates with spino- 
caudal structures* 


o & | Nal 


Slalc!| co wena! & 
o!| 


co o 8 Urea 


- ™ Number of all combinates containing any spino-caudal structures, 
including the combinates with notochord or somites not accompanied 
by neural structures. 


DISCUSSION 


The present results support the earlier observation that the iso: 
lated medio-ventral mesoderm of the amphibian gastrula alters its 


mode of differentiation by treatment with some of unphysiological 
media (YAMADA, 1950a; KAwaAKAmi and OKAno, 1955; Oar, 1958). 
The frequency of the dorsal mesodermal structures obtained in the 
present experiment is appreciably less than that of earlier experiments 
of Oct and Yamapa. The difference may be due to the presence of 
an ectodermal cover in the present experiment and its absence in the 
two previous experiments. This may suggest that the mesodermal 
piece cultured uncovered tends to be more dorsalized than the same 
with an ectodermal cover. In conformity with this idea, KAWAKAm1! 
et al. (1955) found that the frequency of the dorsal mesodermal struc- 
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tures was the higher, the longer the treated ventral mesoderm was 
left naked in the medium before wrapping with the ectoderm. 


Further, in an unpublished experiment on Amblystoma maculatum, 


YAMADA compared differentiation of the isolated ventral mesoderm 
with and without ectodermal covering. The uncovered mesoderm 
tended to differentiate muscle and notochord, while the covered 
mesoderm failed to form such dorsal tissues. 

The observed differentiation of various ectodermal structures in 
the experimental series, and their absence in the control series present 
good evidence for the inducing ability of the medio-ventral mesoderm 
dorsalized by various agents. However, it must be asked whether 
the formation of these ectodermal structures in the experimental 
series was caused directly by the dorsalizing agents adsorbed on the 
cells of the mesodermal component. This possibility cannot be wholly 
ignored, in so far as these dorsalizing agents are expected to neuralize 
the ectoderm under definite conditions (HOLTFRETER, 1947; YAMADA, 
1950a; Karasaki, 1957a; Oc1, 1958). However, it must be pointed 
out that the mesodermal isolate was carefully washed after the treat- 
ment, so that the isolated ectoderm later added to the mesoderm did 
not show any sign of disaggregation. In this connection early obser- 
vations of various workers must be recalled, which coincided in 
showing that all these dorsalizing agents give their effect only when 
the ectoderm of T. pyrrhogaster indicates a clear sign of disaggre- 
gation. Thus it is unlikely that the dorsalization of the ectoderm 
was caused directly by the agents used in the first step of the ex- 
periments. The second argument against the possibility under 
discussion is that the ectoderm of amphibian gastrula is known to 
be induced by these dorsalizing agents to form only archencephalic 
or non-regional neural tissues, mesenchyme, and melanophores, but 
no deuterencephalic or spino-caudal structures. This argument is, 
however, only applicable for the first group of experimental series 
where deuterencephalic and spino-caudal structures were evoked, but 
not for the second group where the archencephalic structures were 
mainly formed. Taken altogether, it is improbable that the agent 
used to dorsalize the mesoderm has anything to do with the differ- 
entiation of ectodermal structures in the present experiments. 

The difference observed in the regional type of ectodermal struc- 
tures between the first and second group deserves special attention, 
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The difference is apparently correlated with the difference in the 
regional nature of the mesodermal structures formed under the in- 
fluence of dorsalizing agents. The low frequency of trunk-meso- 
dermal structures observed in the second group (cf. p. 168) could be 
interpreted to suggest that here anterior axial structures such as the 
head mesoderm or prechordal plate are formed instead of posterior 
axial structures such as notochord and somites which characterize 
the first group. Unfortunately the anterior axial structures are 
difficult to identify in the culture, because of lack of positive his- 
tological characteristcs. If the above interpretation is correct, the 


observed regional difference in ectodermal differentiation is easily: 


understood, because in normal development archencephalic structures 
are induced by the cephalic axial mesoderm, and deuterencephalic 
and spino-caudal structures by the posterior axial mesoderm. Studying 
the effect of lactic acid KAwAkami and Oxano expressed the view 
that the agent causes differentiation of the prechordal plate in the 
isolated ventral mesoderm. Apparently lactic acid belongs to the 
second group according to the present classification. 

Another possibility for interpreting the observed difference in the 
regional nature of ectodermal structures in the first and second group, 
may be given by assuming the different magnitude of toxic effects 
of treatment in both groups. If in the second group mesoderm cells 
are more injured, they might give archencephalic effects on the ecto- 
derm. The interpretation is compatible with the observation that 
less mesodermal structures were formed in the second group. More 
detailed studies are needed to decide whether any of the above 
possibilities can be accepted. 

It may be added that the present results partly confirm or support 
the earlier works of Ranzt and Tamini (1941) on the effect of thio- 
cyanate and that of Leone (1952) on the effect of urea on the ventral 
explant of amphibian gastrulae. a 


SUMMARY 


1. Isolates of the medio-ventral marginal zone of the earliest 
gastrula of Triturus pyrrhogaster were briefly treated with sodium 
thiocyanate (m/32), sodium iodide (m/30), urea (m/20), ammonia (pH 
12.0), hydrochloric acid (pH 2.2), and zinc chloride (m/50). One hour 
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after the treatment they were wrapped with the presumptive ecto- 
derm. The obtained combinate was cultured in HoLTFRETER’s solution 
for 11 days. 

2. Differentiation of these combinates was compared with that of 
the control combinate prepared by combining an ectoderm piece with 
the untreated isolate of the medio-ventral mesoderm. While in the 
combinates of all experimental series notochord, muscle, and somite 
were differentiated, these structures were lacking in the control 
combinates. Appearance of these tissues was more frequent in the 


series of sodium thiocyanate, sodium iodide, urea, and ammonia than 


in those of hydrochloric acid and zinc chloride. 

3. The deuterencephalic and spino-caudal structures, such as hind- 
brain, ear vesicles, and spinal cord were the main ectodermal differ- 
entiation observed in the combinates with the mesoderm treated by 
sodium thiocyanate, sodium iodide, urea, and ammonia. The archen- 
cephalic structures, such as eye, lens, fore-brain, and nose occurred 
frequently in the series of hydrochloric acid and zinc chloride. 
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A PROGRESSIVE CHANGE IN REGIONAL IN- 
DUCTIVE EFFECTS OF THE BONE-MARROW 
CAUSED BY HEAT-TREATMENT” 


TUNEO YAMADA 
Biological Institute, Faculty of Science, Nagoya University, Nagoya 


INTRODUCTION 


Regional inductive effects of the differentiated tissues of various 
vertebrates on the ectoderm of the amphibian gastrula attract our 
interest, because they open the way to chemical approach to the 
mechanism whereby the specificity of differentiation is determined. 
According to the recent progress made in this field, it appears proba- 
ble that characteristic effects of most of those differentiated tissues 
are caused by some of their chemical components of macromolecular 
order (Havasu, 1956, 1958; TrEDEMANN and TIEDEMANN, 1956; YAMADA 
and TaAKATA, 1956; Yamapa, 1958a, b, c; Hayvasnr and TaxatTa, 1958). 
Some samples of proteins or pentose nucleoproteins isolated from 
those tissues have been shown to induce definite regional structures 
in the ectoderm of Triturus. Although in these experiments regional 
specificity in the induction is undeniable, it does not simply follow 
from these observations that substances responsible for each type 
of differentiation are unrelated to each other in their morphogenetic 
activities, and that no systematic relationship exists between the 
inductive mechanisms of various types of differentiation. For the 
elucidation of the problem, the change in regional effects of hetero- 
genous inducers caused by heat-treatment deserves attention. 

CHUANG (1939, 1940) studied the effect of heat on the inducing 
ability of the mouse kidney implanted in the whole gastrula of 
Triturus. Using the terminology of regionality which is adopted in 
the present paper (cf. Table 1), the results, originally expressed in 
terms of individual structures, can be restated as follows: The non- 
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treated kidney induces frequently deuterencephalic and spino-caudal 
types, and less frequently archencephalic and trunk-mesodermal 


types. After a few minutes’ treatment with boiling water trunk- 


mesodermal and spino-caudal effects are lost. Further boiling up to 
15 minutes reduces the frequency of the deuterencephalic type and 
increases that of the archencephalic type. A boiling for one hour 
results in a decrease in the frequency of regional structures, the 


-archencephalic type dominating the regional structures formed. 


After boiling for two hours, regional structures obtained are only of 


‘the archencephalic type which appears at a very low frequency, 


together with non-regional structures. More recently Vans (1955) 
repeated a part of CHuANG’s experiments and expressed the results 
in terms of regionality. Although in minor details his results were 
different from those of Cuuanc, the general trend of his data was 
in perfect conformity with that of Cuuanc. Vans’ results are incorpo- 
rated in the above summary of the heat-effect on the inducing ability 
of the kidney. A similar progressive change in regional induction 
in the heat-treated Triturus-liver was observed by Cuuane (1940). 
Boiling experiments conducted on several other heterogenous inducers 
by Hama (1944) indicated again that, after a short boiling, the 
mesodermal effects were lost and the neural effects enhanced. The 
influence of boiling was also studied in the ventral skin of the adult 
frog, which induces in the fresh condition mesodermal. structures 
accompanied only infrequently by neural structures (Fuji, 1941, 1944; 
Hama, 1944; Oxapa, 1948). According to Okada, after a few minutes’ 
immersion in boiling water the tissue induced eyes and brains at a 
high frequency, but no mesodermal structures at all. 10 seconds’ 
immersion in boiling water was found sufficient for an almost 
complete suppression of the mesodermal induction. When the tissue 
was treated with 55°C. water for a few minutes and then tested, a 
high frequency of ear-vesicles and neural structures and a low 
frequency of muscle were noted. 

These facts can be interpreted in different ways. One possi- 
bility is to assume qualitatively different agents for each regional 
type, which appear and disappear during the course of heat-treatment. 
Another obvious possibility is that one and the same agent is pro- 
gressively transformed during heat-treatment and causes various 
types of induction at various stages of its transformation. Further 
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possibilities intermediate between these extreme ones should not be 
altogether ignored. 

~ Torvonen (1954a, b) insisted that two qualitatively different 
agents are at work, when he discussed the question in the light of 
his own experiments. He: (1953a, b) first found that the alcohol- 
treated bone marrow of the guinea-pig has a strong mesoderm- 
inducing effect when implanted in the whole embryo or in the ecto- 
dermal explant. In further experiments the alcohol-treated tissue 
was kept in 80°-90° C. water for 10 minutes and then tested (TorvoneEn, 
1954a, b). The sample was completely devoid of the mesoderm- 
inducing power. Also no neural tissue was induced. Only structures 
induced were lens and balancers. TorvonEen’s conclusion was that 
the mesoderm-inducing agent is thermolabile and loses its effect by 
short heating. The neural tissue-indycing agent which is relatively 
thermostable is present in most of hitherto studied tissues, but not 
in the guinea-pig bone marrow, since no neural effect is obtained 
from the heat-treated bone marrow. He (1950) argued that the 
presence of the mesoderm-inducing agent beside: the neural tissue- 
inducing agent in an inducer covers the effect of the latter agent 
completely or incompletely, and that if such an inducer containing 
both agents is heat-treated, the mesoderm-inducing agent alone is 


inactivated, so that the neural tissue-inducing agent exerts its mor- 
phogenetic effect. 


In the above cited work of Tolvonen concerning the effect of 
heat on the bone marrow, only one series of experiments was done, 
in which the sample treated for 10 minutes was tested. Therefore, 
the results do not exclude the possibility that the tissue changes 
its regional effects sometime before the disappearance of the in- 
ducing ability. In the experiments to be reported here, the bone 
marrow of the guinea-pig was progressively exposed to steam for 
25-150 seconds and the inductive effects were tested on the isolated 
ectoderm of Triturus-gastrulae to be compared with that of the 
control sample. | 


MATERIALS AND METHODS 


Preparation of Samples. From freshly sacrificed guinea-pigs, 
. long bones were removed and put in a deep-freezer adjusted at 
~20°C. Bone marrow tissue collected from frozen bones was spread 


J 
if 
tie 
Th 
q 
4 
a ute 


—*— 


178 TUNEO YAMADA 


in a very thin layer on a glass plate and exposed to steam in a 
closed sterilizing apparatus for 25, 40, 60, and 150 seconds. After 
each period of exposure, the glass plate with smeared tissue was 
taken out from the apparatus and quickly dipped in cold 90% alcohol. 
This technique is preferable to the usual one, in which tissue pieces 
are put in boiling water, especially when a short treatment is required 
as in the present case. In the control series bone marrrow not 
exposed to steam was treated with cold 90% alcohol and tested. All 
samples were tested on the isolated gastrula ectoderm within 3 hours 
to 7 days after immersion in alcohol which was kept at about 5°C. 
throughout the period. Preliminary experiments testing the tissue 
which was preserved in cold alcohol for various lengths of time, 
showed no significant change in regional inductive effects during 
the priod of preservation indicated above. 


Embryological Methods. For studying the morphogenetic effect 
of samples, they were transferred from alcohol to HoLTFrrRETErR’s 
solution, and cut in pieces of ca. 0.4mm. diameter. After a thorough 
washing in HOLTFRETER’s solution, one of these pieces was inserted 
between two pieces of the presumptive ectoderm of ca. 1.0 mm. 
diameter, isolated from the beginning gastrula of Triturus pyrrho- 
gaster. The explant was cultured in HoL_trreTEr’s solution adjusted 
to pH 7.3-7.4 for 7-13 days at 18°C., and studied in sections after 
staining with Mayer’s hemalum and picroblauschwarz. Under the 
same condition the isolated presumptive ectoderm without added 
samples differentiated always into an irregular aggregate of epidermal 
cells. 


Regional Types. In the present paper the classification of regional 
types given in Table 1 were adopted. It should be emphasized that 
these regional types include beside axial structures, non-axial struc- 
tures some of which are induced in normal development by the 
secondary organizer. This way of defining regional types was found 
convenient, because, firstly, a high positive correlation exists between 
axial and non-axial structures belonging to one regional type, and, 
secondly, in some series non-axial structures alone are induced. 
The terminology used in the present paper is in its main part derived 
from that proposed by LEHMANN (1954). The terms newly introduced 
by Datcg (1957) for designation of regionality are indicated in italics 
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on the table. The table also includes the distinction suggested by the 
present writer (1958a, b) between trunk- and tail-mesodermal struc- 
tures. Excluded from the table are the endodermal structures which 
have recently been reported to be induced by the guinea-pig bone 
marrow from the presumptive ectoderm (Yamapa, 1958c). In fact 
endodermal tissues are induced frequently together with trunk- 
mesodermal structures in the present experiments. However, since 
a culture of very long duration (ca. 40-70 days at 18°C.) which has 
been found necessary for a definite identification of individual endo- 
dermal structures, is lacking in this case, information about endo- 
dermal induction will be reserved for future publications. 


Table 1. Regional classification of induced structures 


| Individual structures 


Regional types 
Axial Non-axial 
Archencephalic Fore-brain _ | Nose 
Acrogenetic vesi- | Lens (Lentoid) 
Deuterencephalic Mid-brain Ear-vesicle Ectodermal 
Deutogenetic Hind-brain (Ganglion ) 
Spino-caudal Spinal cord | Fin 
Tritogenetic Tail notochord | 
Tail somite 
Trunk-mesodermal | Trunk notochord Nephric tubules meenccermal 
Trunk somites Mesothelium 
Blood island 
RESULTS 


Control Series. The series is characterized by a high percentage 
of various trunk-mesodermal structures (Table 2). Notochord and 
somites of the trunk-type were the dominating structures (Fig.1). In 
17 out of 46 explants, these axial structures were accompanied by 
non-axial structures such as nephric tubules, blood islands, and 
mesothelium (Fig. 1,2). On the other hand, in 10 out of 46 explants, 
non-axial structures were alone formed, indicating that the non-axial 
structures can be directly induced by the implant, like the axial 
structures. A tendency was observed for the mesodermal structures 
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to assume a pattern of distribution corresponding to their normal 
dorso-ventral arrangement: The notochord was mostly accompanied 
by myotomes, while mesothelium and blood cells very often occupied 
an area far from the axial structures. A similar situation was 
reported by Oxapa (1949) for the mesodermal structures induced 


by the Rana skin. The observation made in this series generally 


confirmed the earlier reports of Torvonen (1953a, b) on the same 
subject. 

Experimental Series I: 25 Seconds’ Treatment. A considerable 
number of spino-caudal and deuterencephalic structures distinguished 
the present series from the control (Table 2, Fig. 3,4). Also a weak 
decline in the frequency of individual and over-all trunk-mesodermal 
structures was noted. Often structures belonging to different regional 
types appeared in the same explant. Then the spatial arrangement 
of these structures of different types indicated a tendency to repro- 


Table 2. Effects of steaming on inducing abilities of the bone marrow 


Duration of steaming in seconds 0 25 40 60 150 


Total number of explants 46 59 53 39 35 


No. of explants containing individual 
structures 
(In parentheses % of no. of explants 


Trunk-mesodermal type 


Trunk notochord 30(65) 30(51) 0 0 0 
Trunk somites 31(67) 24(41) 0 0 0 
Nephric tubules 21(45) 21(36) 0 0 0 
Blood island 14(30) 11(18) 0O 0 0 
Spino-caudal type 
Tail notochord Lt. 26-4). 0 0 
Tail somites 0 0 
Spinal cord 1( 2) 25(42) 2( 4) 0O 0 
Deuterencephalic type 
Hind-brain 0 oS)  3( 6) O 0 
Ear vesicles 0 0 0 
Ganglia 3 0 0 3( 6) 0 0 
Archencephalic type 
Fore-brain 0 1( 2) 12(23) 11(27) O 
Eye, pigment vesicle 0 0 10(18) 2( 5) 1(A4) 
Nose 0 0 6(11) 9(23) 1(4) 
Lentoid 0 0 0 1( 3) O 
Balancer 0 0 0 0 1(4) 
Mesenchyme 21(45) 24(40) 15(28) 0 0 
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Fig. 1. A typical case of trunk-mesodermal induction caused 
by -the bone marrow in the control series. Note the notochord 
accompanied by myotomes (right, above), a group of nephric 
tubules (in the central part), mesenchyme and mesothelium. The 
irregular structure on the left side is the atypical epidermis. 
x ca. 60 


Fig. 2. Blood island and mesothelium induced by the 
bone marrow in the control series. x ca. 60 
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Fig. 3. A typical case of spino-caudal induction caused by the 


bone marrow steamed for 25 seconds. A tail-like process containing 
spinal cord, notochord, and somites. Further note the ear vesicle 


in the proximal part. x ca. 60 


Fig. 4. Induction of spino-caudal and deuterencephalic struc- 
tures beside trunk-mesodermal ones by the bone marrow steamed 
for 25 seconds. Note the neural tube accompanied by an ear 
vesicle (above, in the middle), the tail in cross section containing 
a thin notochord and a spinal cord (in the center), two groups of 
trunk notochord with myotomes and ear vesicles (in the lower 


part). x ca. 60 
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duce the normal condition, leading to formation of an axial system 
with more or less clear cephalo-caudal elaboration (Fig. 3). 


Experimental Series II: 40 Seconds’ Treatment. In this series 
the trunk-mesodermal induction was completely suppressed, and the 
spino-caudal induction was infrequent ‘Table 2). Principal structures 
induced belonged either to the deuterencephalic or to the archen- 
cephalic type, and hence neural in nature (Table 2, Fig. 5). Many 
explants failed to show any induction at all, indicating a decrease 
in the general inducing ability of the sample. 


Fig. 5. An archencephalic brain induced by the bone 
marrow steamed for 40 seconds. x ca. 110 


Experimental Series III: 60 Seconds’ Treatment. Further re- 


duction of the total induction frequency and complete suppression 
of spino-caudal induction were noted. Even mesenchyme which | 
appeared in all preceding series was lacking (Table 2). Archen- 7 
cephalic and non-regional structures were only inductions registered. 
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17 0 25 40 60 
Neural induction 


100 98 


0 25 40 60 150 


Total induction 


1/00 
Fig. 6. Diagrams illustrating the 
progressive change in inductive effects 
of the bone marrow during steaming. 
The figures under the base line denote 
duration of steaming in seconds, The 
height of each column and the figure 

above each column indicate the per- eon 
25 60 


centage of the number of explants 150 


containing the respective type of in- 
duction against the total number of 


explants in each series. 


Mesodermal induction 


/00 
76 | 
0 25 40 60 150 40 60 150 
Trunk-mesodermal Spino-caudal 
13 |. 
© 25 40 60 150 0 25 40 60 15 


Deuterencephalic Archencephalic 


Fig. 7. Diagrams illustrating the progressive change in 
regional effects of the bone marrow during steaming. (Cf. 
remarks for Fig. 6. 
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Experimental Series IV: 150 Seconds’ Treatment. The majority 
of explants differentiated epidermis only. The absence of induction 
was not caused by extrusion of the implanted sample, since in 33 
out of 35 explants the sample was recovered in sections. A very 
small number of explants carried such structures as eye, balancer, 
and non-regional neural tissues. 


The sequence of events occurring during exposure to steam is 
illustrated in diagrams reproduced in Fig. 6 and 7. A quick sup- 
pression of the over-all mesodermal induction, a quick rise and subse- 
quent decline in the over-all neural induction, and a gradual decline 
of total induction are clearly indicated (Fig. 6). If the data are 
analysed in terms of regional types, succession of all regional types 
within a short period of time is evident (Fig. 7). The observed 
sequence of regional types is diagrammatically shown in Fig. 8. 


DISCUSSION 


The present results firstly show that the total induction frequency 
of the guinea-pig bone marrow is strongly reduced after 150 seconds’ 
exposure to steam. The fact stands 
in striking contrast to earlier data on Trunk-mesodermal 
other tissues (mouse kidney, mouse 
liver, Triturus liver, and Rana skin), Jb 
which demonstrated a_ considerable : 


total induction frequency after boiling Sp yno-caudal 

for 15 minutes to 1 hour (CHUANG, Jb 

1939, 1940; Hama, 1944; Oxapa, 1948; 

Vans, 1955). Only after 2 hours’ boiling Deuterencephalic 
CuHuanc was able to obtain a strong, 

though not complete suppression of the Jb | 
inducing ability of the mouse kidney. Archencephalic 


Thus the guinea-pig bone marrow ap- 
gu pig Fig. 8. Sequence of re- 
pears to be exceptional in quickness to __ gional inductive effects ob- 


lose its inducing ability by heat-treat- | served in progressive heat- 


treatment of the ineéa-pi 
ment. In this sense, Toivonen’s data marrow 


(1954 a, b) on heat-treated bone marrow 


is well borne out by the present experiments. 
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The second and perhaps more important aspect of the present 
results is the successive change of the regional effects occurring 
during heat-treatment. First of all it should be emphasized that 
the change observed is not a progressive elimination of various 
regional types induced by the fresh sample, but involves successive 
appearance of a new regional type, replacing the type dominating 
at the earlier phase of heat-treatment. Fig. 8 indicates the observed 
sequence of regional types. That the series includes all regional 
types hitherto known to be induced by heterogenous inducers in the 
Triturus ectoderm, appears to be of special theoretical importance. 
Perhaps it is not an exaggeration to state that most of the principal 
ergan-rudiments of three germ-layers may be induced from the 
presumptive ectoderm by the guinea-pig bone marrow during the 
whole course of its regional transformation, if the endodermal in- 
duction (cf. p. 179) is also taken into consideration. 

However, the following comparative study suggests that the 
striking effect of heat on inducing abilities of the bone marrow is 
not an isolated phenomenon, but represents one example of changes 
in the quality of induction observable in various heterogenous 
inducers under diverse experimental conditions. The change in 
regional effects of the Rana skin studied in the above cited paper 
of Oxapa (1948) shows features which are closely similar to those 
reported here: a quick suppression of mesodermal structures of both 
trunk- and tail-type and a subsequent rise in the frequency of 
archencephalic structures. Preponderance of deuterencephalic struc- 
tures in the 55°C.-series in contrast to the 100°C.-series where 
archencephalic structures were mainly obtained (cf. p. 176), may 
suggest that a heat-treatment at a lower temperature results in an 
intermediate stage of regional transformation, whereas a _ heat- 
treatment at a higher temperature of the same duration results in 
the final stage of the same process. In the case of the mouse kidney 
studied by CuHuanc (1939), the fresh tissue induces in the whole 
embryo all four regional types. The sequence of the phases at which 
elimination or enhancement of one particular regional type occurs 
during heat-treatment, conforms well with that of the corresponding 
events in the present scheme for the bone marrow. A similar 


conclusion can be drawn from the data of Vaus (1955) under whose 
experimental conditions the mouse kidney induced only archen- 
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cephalic and deuterencephalic types even before heat-treatment. 
Also in other examples cited in the introduction, the sequence, of 
regional types observed during progressive heat-treatment probably 
coincides with, or represents a part of the sequence shown in Fig. 8, 
although available data are not enough to warrant a definite 
conclusion. 

A similar successive change of the regional inductive effect of 
a heterogenous inducer can be caused also by chemical means. The 
most thoroughly investigated case is the progressive alcohol-treat- 
ment of the kidney cortex of the mouse reported by VaAus (1957). 
In the series of 4 hours’ treatment, spino-caudal and deuterencephalic 
structures were induced at a very high frequency. The frequency 
of spino-caudal structures decreased during the further treatment 
and disappeared after 21 days’ treatment. The frequency of deuteren- 
cephalic structures remained unchanged until 14th day, then 
decreased without disappearing completely even after 30 days’ 
treatment. The archencephalic tendency, not observable in the 4 
hours-series, appeared and increased steadily during the subsequent 
treatment and attained a very high level in the 30 days-series. A 
similar change in regionality was observed also during alcohol- 
treatment of the mouse liver (Vans, 1957), the guinea-pig heart 
muscle and kidney (ENGLANDER and JoHNEN, 1957). On the other 
hand, no appreciable change in regionality was registered during 
alcohol-treatment of Triturus liver (Vans, 1957) and guinea-pig liver 
(ENGLANDER and JoHNEN, 1957), both of which induced from the be- 
ginning almost exclusively archencephalic structures. 

The effect of formalin, as studied by Kuusi (1951), indicated a 
similar change in the quality of induction, which was, however, 
accompanied by a reduction of the total inducing activity. In the 
formalin-treated kidney of the guinea-pig a clear suppression of 
spino-caudal and deuterencephalic induction, a relative increase of 
archencephalic induction, and a decrease of the general inducing 
ability were noted. In the liver of the same species, which initially 
induced archencephalic structures alone at a lower frequency, no 
clear change was brought about by formalin. 


Summing up, the following generalization appears justifiable in 


regard to the temporal sequence of regional effects of a tissue in 
progressive treatment with heat, alcohol, and formalin: Ifa tissue 
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which induces one of regional types listed:on the diagram of Fig. 8 
is treated with one of these agents, the subsequent shift in the 
regional effect will be directed downward on the diagram. This 
means that the higher the position of the original regional type on 
the diagram, the more extensive will be the regional transformation 
to follow, and that an archencephalic inducer, representing the last 
step of the diagram, is not changed into any other types of inducer 
by these agents. 

The phenomenon here studied clearly indicates that between 
induction mechanisms of various regional types a systematic relation- 
ship exists, and that the physical entities govering the mechanism 
can be altered by heat, alcohol, and formalin, and hence might be 
of proteinic nature. The latter suggestion is in line with data 
obtained in more direct approach (YAMADA and Takata, 1955; TIEDE- 
MANN and TIEDEMANN, 1956; 1958; Yamapa, 1958 a, b, c). 

However, the data reviewed in the discussion do not allow to 
decide the question raised in the introduction, whether each regional 
type is caused by an agent specific for it, or one and the same agent 
causes various types of induction in various phases of its progressive 
transformation, etc. The best method to study the question may 
be to isolate a homogeneous sample of the agent responsible for the 
trunk-mesodermal effect, and to observe its inductive effects during 
progressive treatment with one of those agents. As this type of 
experiments is now under way, the discussion of the question should 
be reserved for a later occasion. Here it will suffice to mention 
that a few similar experiments done at our laboratory using nucleo- 
protein samples gave results which support the second possibility 
raised above: A short heat-treatment of a sample of liver pentose 
nucleoprotein suppressed the deuterencephalic tendency, and in- 
creased at the same time the archencephalic tendency (HAyYAsHI, 
1958): Inasample of kidney pentose nucleoprotein a short incubation 
with pepsin evoked a complete suppression of the spino-caudal 
tendency and appearance of the archencephalic tendency (HAyYAsuHI, 
in preparation, cf. YAMADA, 1958 a). 


SUMMARY 


1) The bone marrow of the guinea-pig was exposed to steam in 
a thin layer for 25, 40, 60, and 150 seconds, quickly dipped in cold 
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alcohol, and tested for regional inductive effects on the isolated 
ectoderm of early gastrulae of Triturus pyrrhogaster. 

2) A progressive change of regional effects from the trunk- 
mesodermal to archencephalic type through the spino-caudal and 
deuterencephalic type was observed during progressive heai-treat- 
ment. The change was accompanied by a gradual decrease in the 
total induction frequency, which led to an eventual disappearance of 
the inducing ability after 150 seconds’ treatment. 

3) The results were discussed in connection with similar changes 
in regional effects of other heterogenous inducers caused by heat, 
alcohol, and formalin. 
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RELATION BETWEEN THE VITALLY STAINED 
GRANULES AND CLEAVAGE-ACTIVITY 
IN THE SEA URCHIN EGG* 


MANABU KUNO KOJIMA 


The Sugashima Marine Biological Station, Toba-City, 
and Misaki Marine Biological Station, Miura-City 


Up to now, it has been reported by many workers that in vital 
staining of plant and animal cells, the affinity of dyes has a close 
relation with physiological functions of the cell. It has also been 
reported that in tumor cells, morphological changes of cytoplasmic 
granules which are revealed by vital staining, are associated with 
metabolic activities of the cell. 

Ima (1942) found that when fertilized eggs of the sea urchin 
are stained with neutral red, small granules appear around the aster, 
and gradually increase in size. In the present study, Ima’s work 
was repeated and extended in order to investigate possible signifi- 
cance of those vitally stained granules in aster formation and 
cleavage. 


MATERIAL AND METHODS 


Materials used were the following three species; Hemicentrotus 
pulcherrimus and Temnopleurus toreumaticus available at Sugashima, 
and Mespilia globulus obtainable at Misaki. Both Temnopleurus and 
Mespilia eggs are very transparent so that they are most suitable 
for observation of the vitally stained granules. 


For vital staining, the following stock solutions were prepared; 0.2 per 
cent neutral red in distilled water, 0.2 per cent toluidine blue in distilled 
water, 0.2 per cent Janus green B in sea water and 0.1 per cent Nile blue 
sulphate in sea water. According to the purpose of experiments, an appropri- 
ate amount of the stock solution was added to normal sea water, e.g., in most 
cases, 2-3 drops to 5cc. of normal sea water. Although all these dyes gave 


* A preliminary note covering a part of this work has been reported in 
Japanese (KOJIMA, 1957 a). 
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essentially the same results, neutral red was mainly applied because of being 
not so toxic as the others: hence stained eggs could develop normally without 
any disturbances. 

In a series of experiments, cleavage of re-fertilized eggs was studied. The 
first insemination was performed in the usual manner. The fertilized eggs 
were put into a molar urea solution before the fertilization membrane hardened, 
and then the membrane was removed mechanically. After twice washing with 
urea solution, they were put back into normal sea water and re-inseminated 
with a heavy sperm suspension at 5 or 10 minutes intervals from after the 
first fertilization to just before the first cleavage. The concentration of sperm 
used in the superimposed insemination was 0.1 per cent of dry sperm. The 
re-inseminated eggs were allowed to develop until the first cleavage, and the 
percentages of normal and of polyspermic eggs were counted. 


In another series of experiments, unfertilized eggs were centrifuged at 
about 10,000-15,000xg for 10-15 minutes in an isotonic sucrose sea water 
(8 parts of 1 M sucrose+2 parts of sea water). The centrifugation caused 
stratification of the content of the egg, which elongated into a dumb-bell shape 
and was finally cut into two fragments. Such elongated whole eggs and both 
fragments were employed for the study of their development. 


A rather weak centrifugation (1,000xg for 20-30 minutes) was also applied 
to unfertilized and fertilized eggs denuded of the fertilization membrane at 
10 minutes after fertilization or just before the first cleavage. 


EXPERIMENTAL RESULTS 


I. Vital staining of normal eggs 

a) Fertilized egg 

If eggs are transferred into a sea water containing neutral red 
5 minutes after fertilization, initially the entire cytoplasm is stained, 
as reported by Ira (1942). Before long, however, general coloration 
of the cytoplasm begins to fade, while many stained granules become 
visible, which progressively gather around the mitotic figure, in- 
creasing in size (Fig. 1aand 6b). Asa result of the first cleavage, 
these granules are distributed to two blastomeres (Fig.1d). In the 
subsequent developmental stages, they are always found around the 
nucleus or the mitotic figure in every blastomere. If the staining 
is carried out at the amphiaster stage, the granules in question 
appear around the amphiaster, which suggests that gathering of the 
unstained precursors of the granules around the aster has already 
taken place before this stage. | 

The granules, which are 0.5 uw to 3 uw in size, do not always have 
a definite shape, spherical or somewhat irregular. No noticeable 
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Fig. 1. Cleavage process of a fertilized Temnopleurus egg stained 
with neutral red. 


a: streak stage. 5: amphiaster stage. c: early dumb-bell stage. 
d: late dumb-bell stage. 


changes in number of these granules are found throughout the 
mitotic cycle. 


b) Unfertilized eggs, immature and mature 

In the oocyte, the cytoplasm is diffusely stained, no particular 
granules being revealed (Fig. 2a). However, in the mature unferti- 
lized egg, the stained granules are dispersed in the cytoplasm (Fig. 
2b). If such a stained egg is activated parthenogenetically, the 
granules gradually gather around the monaster or cytasters, in- 
creasing both in number and in size, as shown in Figure 2c and d. 
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Fig. 2. Temnopleurus eggs stained with neutral red. 7 
a: oocyte. 6b: mature unfertillized egg. c: monaster of activated 


egg. d: cytasters of activated egg. 


Il. Vital staining of re-fertilized eggs | 

According to SuGciyAMA (1951), if eggs are re-fertilized before 
the anaphase, the polyspermic division takes place at the time of 
the first cleavage, whereas if eggs are re-fertilized after full growth 
of the amphiaster in the telophase, the process of the first cleavage 
goes on normally and polyspermic irregularity becomes evident at 
the second cleavage. In other words, the spermatozoa which have 
penetrated into the egg after a critical stage cannot take any parts 
in the machinery of the first cleavage. The present author repeated 
similar experiments using vitally stained eggs, and tried to determine 


the critical stage more in detail and to pursue behavior of the 


spermatozoa in the egg re-fertilized after this stage. 
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Fig. 3. Percentage of polyspermic division of Temnoplurus and Hemi- 
centrotus eggs which have been re-fertilized before the first cleavage. 


Temnopleurus eggs vitally stained with neutral red. 
A: an egg re-fertilized at 15 minutes after the first fertilization. 
B: an egg re-fertilized at 30 minutes after the first fertilization. | | 
C: a normally fertilized egg. 


Fig. 4. Diagrams illustrating the cleavage process of re-fertilized ‘ 
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In Figure 3, percentages of the polyspermic division in two 
species of sea urchins are plotted against the time of re-fertilization. 
From this figure it will be seen that the critical stage is at about 
70 minutes after fertilization in Hemicentrotus eggs (at 20°C.), and 
at about 25 minutes in Temnopleurus eggs (at 34°C.). Thus the 
critical stage in both species seems to correspond to a certain stage 
between the streak-stage and the metaphase. Figures 4 and 5 
illustrate behaviors of the granules in re-fertilized eggs. If eggs 
are re-fertilized 15 minutes after fertilization, several asters sur- 
rounded by many stained granules appear in the cytoplasm and 
polyspermic division follows (Figs. 4 Ai, 4A: and 5e). On the other 
hand, when eggs are re-fertilized after the critical stage, the granules 
gather around the amphiaster, but not around the superimposed 
sperm nuclei which fail to form sperm asters before the first cleavage. 
These eggs divide normally into two blastomeres (Figs. 4B), 4B, and 
5/7). Before the next cleavage, however, the supernumerary sperm 
nuclei form their respective asters, each aster being surrounded by 
stained granules (Figs. 4B; and 5g). Thus, polyspermic irregularity 
becomes visible at the second cleavage, as shown in Figures 4B, 
and 5h. | | 


Ill. Vital staining of strongly centrifuged eggs 

When stained eggs are stratified by centrifugation, the stained 
granules are sedimented to a zone, localization of which differs 
according to the species of sea urchins. In Temnopleurus and 
_ Mespilia eggs, this zone is located near the centrifugal pole (Figs. 6a 
and 8a). Accordingly, if the eggs is cut into two fragments by a 
stronger centrifugation, these granules are found only in the cen- 
trifugal half (Figs.6e and 8g). On the other hand, in Hemicentrotus 


Fig. 5. Photomicrographs of cleavages of re-fertilized Temnopleurus eggs 
after staining with neutral red. | 


a-d: normally fertilized eggs. 

e: an egg re-fertilized at 15 minutes after the first fertilization. 
f-h: eggs re-fertilized at 30 minutes after the first fertilization. 
a and e: just before the first cleavage. 

6 and f: furrowing at the first cleavage. 

c and g: just before the second cleavage. 

d and hk: furrowing at the second cleavage. 
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eggs the granules are accumulated in the middle portion of the egg 

| cytoplasm by centrifugation (Fig. 7a). Therefore, they are dis- 

| tributed both to the centrifugal and to the centripetal fragment 
| when the egg is cut by a stronger centrifugation. 


Fig. 6. Relationship between cleavage of centrifuged eggs and 
the distribution of the stained granules ( Temnopleurus type). 


a-d: development of an egg stretched by centrifugation. 
e-h: development of both fragments cut by centrifugation. 
a and e: before fertilization. 
b and f: after the first cleavage. 

| c and g: after the second cleavage. 

| d and h: blastula stage. 


| A) Temnopleurus and Mespilia type 
a) In the centrifugally stretched egg of Temnopleurus and 
Mespilia, the first cleavage furrow appears perpendicularly to the 
centrifugal direction, and consequently the egg is cut into two 
blastomeres, centrifugal and centripetal. The former blastomere 
which contains the stained granules cleaves normally, while the 
latter which lacks them fails to cleave and remains large-sized, an 
abnormally large nucleus being generally found (Fig.65). Therefore, 
from such an egg, a blastula or a gastrula with a giant cell is 
produced (Figs. 6d and 83). 

In some cases, it happens that a small amount of the granules 
is contained in the centripetal blastomere after the first cleavage. 
In such cases, various types of cleavage occur according to the 
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amount of the granules contained: for instance, the aster formation 
not followed by cleavage, or the failure of succeeding cleavage after 
the second or third cleavage. The blastulae thus formed generally 
have several giant cells (Fig. 8c-e). 


Fig. 7. Relationship between development of centrifuged eggs 
and the distribution of the neutral red granules ( Hemicentrotus type). 
a-h: the same conditions and stages as shown in Figure 6. 


If the stratification is incomplete, the granules are distributed 
in the whole cytoplasm with a gradient in direction of centrifugation. 
In the blastula developed from such an egg, the blastomeres are 
arranged in order of size, being largest at the centrifugal pole and 
smallest at the centripetal pole (Fig. 8/). This fact suggests that 
the cleavage-activity of the blastomeres is dependent on the amount 
of the contained granules. 


b) When the unfertilized egg is cut into two by centrifugation 
and then fertilized, only the centrifugal half, which contains the 
granules, cleaves normally, while the centripetal half which lacks 
them, fails to cleave (Figs. 6e-hk and 8g-i). Thus, results similar to 
those described in the previous section (a) are obtained, suggesting 
a close relationship between the cleavage-activity and the granules. 


B) Hemicentrotus type 

a) In this type, the stained granules are accumulated in the 
middle part of the centrifugally stretched egg so that these granules 
are distributed into each blastomere when the first cleavage takes 
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place perpendicularly to the centrifugal direction (Fig. 75). The 
centrifugal blastomere continues subsequent cleavages regularly, 
while the centripetal one, at the next cleavage, is divided into two, 
one containing the granules and being able to cleave and the other 
lacking both the granules and the capacity of cleavage (Fig. 7c). 
Consequently, the centrifugally stretched egg develops to a blastula 
with a giant cell which is generally smaller than those in Temmno- 
pleurus type. In some cases, several giant cells are produced as 
shown in Figure 7d. 


b) When the unfertilized egg is cut into two fragments by. strong 
centrifugation, development of these fragments after fertilization is 
somewhat different from that in Temnopleurus. A small but normal- 
appearing blastula is formed from the centrifugal fragment while a 
blastula with the giant cell develops from the centripetal one (Fig. 


7 e-h). 


IV. Vital staining of weakly centrifuged eggs 

In the next experiments, a weak centrifugation (1,000 x g for 
20-30 minutes) is applied to the Temnopleurus egg so as to cause 
the stratification of the cytoplasm without stretching of the egg. 
When the egg is centrifuged before fertilization or 10 minutes after 
fertilization, no formation of the giant cell takes place. This seems 
to be due to the fact that the sedimented granules have been re- 
dispersed before the first cleavage. When the egg is centrifuged 
in the direction parallel to the axis of the spindle just before the 
first cleavage, the granules are sedimented to the centrifugal pole 
so that they are distributed only to one blastomere. Such an egg 
seems to have a tendency to become a blastula with the giant cell 
(Fig. 9e-h). 

If the egg is subjected to the centrifugal force perpendicular to 


Fig. 8. Cleavage of centrifuged Temnopleurus eggs, showing the distri- 
bution of the neutral red granules. | 

a: unfertilized egg stretched and stratified by centrifugation. 

b-f: various types of cleavage of the egg shown in a. 

g: unfertilized egg cut into two fragments by centrifugation. 

h and i: uncleaved centripetal halves (upper) and centrifugal halves from 
which blastulae develop (below). 

Note the giant cell formation. 
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the axis of the spindle, the sedimented granules are distributed 
equally to both blastomeres. In this case, the granules are re- 
dispersed in each blastomere before the next cleavage. Therefore, 
such an egg does not show any tendency to become a blastula with 
the giant cell (Fig. 9a-d). It appears that the formation of the 
giant cell is not due to the shifting of the egg cortex caused by 
centrifugation, for the centrifugal force applied in the above- 
mentioned experiments, is considered to be too weak to shift the 
cortex. 


Fig. 9. Relationship between the stained granules and the giant 
cell formation in weakly centrifuged Temnopleurus eggs. Centrifugation 
(1,000 x g for 20-30 minutes) was applied to fertilized eggs just before 
the first cleavage. 

a-d: an egg to which the centrifugal force was applied in the 
direction parallel to the axis of the spindle. 

e-h: an egg which was subjected to the centrifugal force perpen- 
dicular to the axis of the spindle. 

Large arrows indicate the direction of the centrifugal force. 


V. Vital statning of the eggs treated with various cleavage-inhibitors 

The following experiments were done to investigate whether 
the appearance of the vitally stainable granules are influenced by 
the treatment with various cleavage-inhibitors, such as urethane, 
colchicine, Monogen, 2,4-dinitrophenol (DNP), and iodoacetoamide 
(IAA). Effects of urethane, colchicine and Monogen on the cleavage 
of sea urchin eggs have been already reported by the author (1954, 
1957). He concluded that the suppression is brought about by 
affecting the inner cytoplasm in the case of urethane and colchicine 
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and by the impairment of the egg cortex in the case of detergents 
such as Monogen. 

On the other hand, DNP and IAA are known as uncoupling 
agents of oxidative phosphorylation or respiratory poisons and thus 
arrest the cytoplasmic division. Eggs were stained with neutral red 
after the treatments with the above-mentioned reagents. 

The results in Temnopleurus eggs are given in Figure 10a-c. 
In all the cases, with the exception of Monogen treatment, the 
stained granules are fewer in number than in the control, and are 
dispersed in the cytoplasm. The most clear-cut result is obtained 
in the case of DNP treatment. When eggs are exposed to DNP 
solution from 10 minutes after fertilization for 2 hours and then 
stained with neutral red, the cytoplasm is unifromly dyed in red, 


Fig. 10. Neutral red staining of Temnopleurus eggs treated with 
cleavage-inhibitors for 2 hours. Showing that the stained granules 
are fewer in number than in the control, and are dispersed in the 
cytoplasm. 

a: egg exposed to 1/8,000 M IAA. 

b: egg exposed to 1/10,000 M colchicine. 

c: egg exposed to 1/8 M urethane. 


- 
- 


if 
ra 
i 
> 
4 
| 
fs 
4 
‘= 
By 
. 
‘ jf 
<> 
* 
4 
a b | 
Li 
* 
ing 
i 
> 
2 
. 
ita 
‘ 
| 
| 
| 


204 MANABU KUNO KOJIMA | 


but no granules become visible (Fig. lla and c). However, once 
these eggs are returned to normal sea water, their cytoplasm gradu- 
ally becomes transparent, and at the same time the stained granules 
appear around the aster (Fig. 115 and d). The first cleavage is 
started within an hour after returning and successive divisions go 
on normally. On the other hand, in Monogen-treated eggs, which 
also fail to cleave, the stained granules appear around the amphiaster. 


Fig.11. Neutral red staining of Temnopleurus eggs treated with DNP. 

a: an egg immersed in 1/4,000M DNP 10 minutes after fertilization 
and stained with neutral red 2 hours later. 

b: the same egg as shown in a, after returning to normal sea water. 

c: an egg immersed in 1/4,000 M DNP from 50 minutes after fertili- 
zation and stained afterward. 

d: the same egg as shown in ¢, after returning to normal sea water. 


This seems to support the previous conclusion (1954, 1957 b) that 
detergents such as Monogen mainly act on the egg cortex and 
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suppress the cleavage without affecting the aster formation, while 
urethane or other reagents are more effective on the inner cytoplasm 
so that the aster formation is inhibited. 


VI. Staining of fixed centrifuged eggs 

The next experiments were performed to study whether or not 
the granules are capable of taking up the dye only in a living state. 
Centrifuged Temnopleurus eggs were fixed with the following fixa- 
tives; 30 per cent ethyl alcohol (at about —10°C.), 90 per cent ethyl 
alcohol, 10 per cent formalin in sea water and the Bouin fluid. 
When 30 per cent alcohol was used, fixation was carried out for 24 
hours at —10°C. With the other fixatives, fixation was done for 6 
hours. After washing completely in sea water, they were stained 
with neutral red for 4 hours in the same way described already. 
Some examples of the results are given in Figure 12a-). It may 
be seen that the granules are stainable with neutral red even in 
the fixed condition. 


A 


Fig. 12. Neutral red staining of fixed Temnopleurus egg. 
Centrifuged eggs stained after fixation in 10 per cent formalin 
in sea water for 5 hours. . 

a: unfertilized egg. 6: cleaved egg. 


DISCUSSION 


As described above, the results of the present study indicate 
that the cytoplasmic granules revealed by vital staining has a close 
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relation with the activity of the aster formation and cleavage of sea 
urchin eggs. 

Lucxt (1925) found that when the centrifuged egg of the sea 
urchin is immersed in a solution of neutral red or brilliant cresyl 
blue, only the granules which have been massed at the centrifugal 
part of the egg take up the color, the clear cytoplasm remaining 
unstained. 

On the other hand, Pease (1939) and Motomura (1949) reported 


that in the egg fertilized after strong centrifugation, the cell division 


is repeated regularly only in the centrifugal part; thus, the egg 
develops to a blastula with the giant cell. 

Further, according to Moore (1938), when centrifuged Dendraster 
eggs are activated parthenogenetically, non-nucleated cytoplasm of 
the centrifugal half always cleaves regularly, forming normal- 
appearing blastomeres, while in the centripetal half with the egg 
nucleus, a wide variety of cleavage defects is found, that is, (1) the 
cleavage is greatly retarded, (2) the nuclear division and formation 
of multiple asters take place without the cytoplasmic division or 
(3) the egg nucleus moves inwards and enlarges but does not divide. 
Assuming that cleavage of the cytoplasm depends upon the presence 
of a substance carried by heavy structures in the ‘cytoplasm, he 
concluded that all these phenomena may be due to the degree of 
segregation of this “cleavage substance” induced by centrifugation. 

The results obtained by the present author show a resemblance 
to those by above mentioned workers. Moreover, the present results 
seem to support Moore’s opinion which claims the presence of the 
“cleavage substance”, although much more experiments are needed 
to determine whether or not the vitally stained granules are the 
“cleavage substance”’ itself. 

Dan (1956) maintains that SH-protein abundant in the centrifugal 
half is indispensable to the activity of cleavage. Further, according 
to other workers the centrifugal half of the egg, containing numerous 
granules, such as mitochondria, shows higher metabolic activities 
than the centripetal half with the nucleus (cf. oxygen consumption 
and cytochrome oxidase by SHapiro, 1939, 1940; indophenol oxidase 
by Navez and Harvey, 1935; dehydrogenase by BALLENTINE, 1939). 

In cancer cells also several investigators have called attention 
to a direct relationship between the cytoplasmic granules and mitotic 
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activities. Tosioxa and Usoxa (1950) found that the granules 
stained with Janus green or neutral red appeared markedly in the 
tumor cells sampled 2 to 3 days after transplantation, but nearing 
the end of life of a tumor-bearing rat, they were replaced by cells 
without the granules. Oxapa (1954, 1956), also concluded that the 
cytoplasmic granules demonstrated by staining with neutral red or 
azuroeosin methylene blue seem to play an important role in the 
metabolic activity of tumor cells. These results seem to have 
something in common with those obtained by the present author in 
the sea urchin egg. Werlss (1955) investigated the vacuoles which 
appeared in the kidney and the pancreas of the mouse after in- 
jection of neutral red, and observed with an electron-microscope that 
mitochondria in these organs lost their cristae and formed vacuoles 
which contained concentrated solution of neutral red. More recently, 
REBHUN (1957) reported that when Spisula eggs were vitally stained by 
methylene blue, small particles appeared in the cytoplasm, migrated 
to the asters, increasing in size and finally were localized around 
the asters. Basing on the observation with an electron-microscope, 
he suggested that these stained particles might be swollen and 
distorted mitochondria. 

Thus, it may be possilbe also in the sea urchin egg that the 
vitally stained granules described in the present paper are the 
swollen mitochondria which are filled with the dye, although bio- 
chemical nature of the granules must be the subject of future 
research. 


SUMMARY 


1. When the fertilized egg of the sea urchin is stained vitally 
with several dyes such as neutral red, toluidine blue, Janus green 
and Nile blue sulphate, deeply stained granules appear around the 
aster. This is also the case with the polyspermic egg. Similar 
results are obtained in the artificially activated egg, the granules 
appearing around the monaster and cytasters. However, in the 
mature unfertilized egg these granules appear dispersed in the cyto- 
plasm, and in the oocyte no stained granules are detected. 

2. From the experiments of re-fertilization, it has become clear 
that the stained granules gather only around the asters which are 
to take part in the next cleavage. 
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3. In centrifugally stretched eggs in which the stained granules 
are collected in a zone in the cytoplasm, cleavage is repeated 
regularly only in the cell containing the stained granules, and 
consequently a blastula with the giant cell is produced. 

4. When unfertilized egg is cut into two by centrifugation and 
then fertilized, only the centrifugal half, which contains the granules, 
cleaves normally, while the centripetal half which lacks them, fails 


to cleave. 
5. When the egg is treated with a reagent which is known to 


be a cleavage-inhibitor, the appearance of the granules after vital 
staining is also inhibited. In the case of DNP treatment, the result 


is most clear-cut. 
6. It is probable that there is a close relationship between the 


vitally stainable granules and the cleavage-activity of the egg. 


The author wishes to express his sincerest gratitude to Prof. M. SUGIYAMA 
for his invaluable advice and encouragement. A part of this work was carried 
out at the Misaki Marine Biological Station. Thanks are due to Prof. I. 
TOMIYAMA, Director of the Station, and to his staff. The author is also 
indebted to Prof. K. DAN and Dr. J. C. DAN for their kind criticism and cor- 


rection of the manuscript. 
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EMBRYOLOGIA, Vol. 4, No. 3, pp. 211-218 (March, 1959) 


ON THE VITALLY STAINABLE GRANULES 
IN THE EGG OF THE ECHIUROID, 
URECHIS UNICINCTUS 


MANABU KUNO KOJIMA 
The Sugashima Marine Biological Station, Toba-City 


It has been reported by several workers that the eggs of an- 
nelida and mollusca often develop without cleavage when they are 
activated parthenogenetically, and consequently produce unicellular 
swimming larvae with cilia. Hrratwa and Kawamura (1935) found 
that such unicellular ciliated larvae were easily obtained from the 
activated eggs of Urechis unicinctus. 

The present author has reported on the vitally stainable cyto- 
plasmic granules in the sea urchin egg and postulated that there 
might be a close relationship between these granules and cleavage- 
activity of the egg (Kojrma, 1959). The purpose of the present 
paper is to report on the vitally stainable granules of Urechis eggs 
and their possible role in development of fertilized eggs and of 
artificially activated eggs which develop into unicellular larvae. 


MATERIAL AND METHODS 


The eggs of Urechis unicinctus were used as material. This 
species, the breeding season of which is winter, is found abundantly 
in Ise Bay near the Sugashima Marine Biological Station. The 
animals collected can be kept in the aquarium at the Station for 
one month or more in winter. 

Before dissection of the animal, the body surface was washed 
with fresh water. The segmental organ of the female was taken 
out of the body into normal sea water, and by shaking this organ 
unfertilized eggs were obtained. To obtain dry sperm, the segmental 
organ of the male was taken out and put on a watch glass, and 
sperm suspension was prepared by diluting thus obtained dry sperm 
with sea water | 

For vital staining, 0.2 per cent néutral red in distilled water 
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j 
was mostly employed. In some experiments, 0.1 per cent Nile blue 
sulphate, 0.1 per cent Janus green B and 0.1 per cent toluidine blue, 
all of which were dissolved in sea water, were also used. It was 
found that these dyes gave essentially the same results. According 
to the purpose of experiments, an appropriate amount of the dye 
was added to normal sea water, e.g., in most cases, 1-5 drops to 
5-10 cc. of normal sea water. 

In a series of experiments, unfertilized and fertilized eggs were 
centrifuged at 10,000-15,000 x g for 10-15 minutes in an isotonic 
sucrose sea water. 

According to HiratwA and Kawamura (1935), ammoniacal sea 
water (1/10 n NH,OH 5 cc.+sea water 100 cc.) is effective in inducing 
artificial activition of the egg and formation of the unicellular ciliated 
larva. Therefore unfertilized eggs were treated with this medium 
for 3-15 minutes and then returned to normal sea water after which 
development of such eggs was observed at regular intervals. The 


best results were obtained with the treatment for 5-10 minutes. 


EXPERIMENTAL RESULTS 


1) Vital staining of normal eggs 

a) Unfertilized eggs : 

The spermatozoa enters the egg before breakdown of the germi- 
nal vesicle. The germinal vesicle is easily observable within the 
unfertilized egg, which generally has a large indentation. 

When the egg is stained vitally with dyes, such as neutral red, 
small cytoplasmic granules are gradually revealed around the germi- 
nal vesicle, as shown in Figurela. This situation is different from 
that of vitally stained sea urchin oocyte, in which cytoplasm is 
evenly dyed with no stained granules (cf. Kojima, 1959). 


b) Fertilized eggs 

The indentation of the unfertilized egg disappears within about 
3 minutes after insemination and the egg becomes spherical. A few 
minutes later, the germinal vesicle begins to break down, while the 
fertilization membrane starts to separate from the egg surface. 
Thus, both the breakdown of the germinal vesicle and the formation 
of the fertilization membrane are completed in about 20 minutes 


_after insemination. Then the maturation divisions follow. Figure 
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c d 


Fig. 1. Vital staining of non-centrifuged eggs of Urechis 
unicinctus. 

a: unfertilized egg (oocyte). 

b: fertilized egg. 

c: cleaved egg. 

d: polyspermic egg. 


15 represents an egg which was stained with neutral red after 
completion of the maturation division. It is seen that the vitally 
stained granules are assembled around the prophase nucleus after 
syngamy. With the progress of the nuclear division, these granules, 
surrounding the asters, are divided into two groups, and thus, are 
distributed into two blastomeres when the cytoplasm divides 
(Fig. 1c). 

In Figure 1d is shown an example of stained polyspermic eggs 
in which each polyspermic aster is surrounded by the stained 
granules. 


2) Vital staining of centrifuged eggs 
a) Unfertilized eggs 
If unfertilized eggs are dyed after centrifugation at 10,000-15,000 
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x g for 10-20 minutes, the stained granules appear in a centrifugal 
portion near the membrane of the germinal vesicle (Fig.2a). Simi- 
lar results are also obtained in the eggs centrifuged after vital 


staining. 


Fig. 2. Vital staining of centrifuged eggs of Urechis unicinctus. 
a: unfertilized egg after centrifugation. 

6: control non-centrifuged trochophore. 

c-d: centrifuged gastrulae. 


b) Fertilized eggs 

The same result is obtained in the fertilized egg too. If the 
fertilized egg is centrifuged and stained, cleavages occur only in 
the centrifugal portion which contains the stained granules, and no 


cleavage occurs in the centripetal portion which lacks the granules. 
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In the later stage, cilia are produced only in the centrifugal portion, 
as seen in Figure 2c-d. Therefore, the centrifuged egg develops to 
a larva which has a large uncleaved cell; so-called the “giant cell.” 


3) Vital staining of larvae differentiated without cleavage 

a) Non-centrifuged eggs 

Unfertilized eggs are exposed to the ammoniacal sea water for 
5-10 minutes and then returned to normal sea water. Before long, 
these eggs extrude polar bodies but in most cases no cleavage ensues. 
If the vital staining is applied to them, the stained granules appear 
around the nucleus just as is seen in fertilized eggs. 

About 30 hours after activation, the eggs become unicellular 
swimming larvae with cilia as the result of the differentiation of 
the cytoplasm. In some larvae, the cilia surround the equatorial 
zone, forming a ciliary band, while in others, they concentrate in 
one area of the surface, losing their zonal arrangement. Sometimes 
the ciliated area covers almost the half of the surface or it is 
divided into two or more: parts, but in no cases it covers the entire 
surface of the larvae. Thus, the shape and size of the ciliated area 
are of a great variety. Nevertheless, the vitally stainable granules 
are always found assembling in the cytoplasm below the ciliated 
area. Some examples of such larvae are given in Figure 3a-/. 

In non-stained larvae also, the granular structure of the cyto- 
plasm can be recognized in the ciliated area. In addition, it should 
be noted here that the stainable granules in the ciliated region of 
normal blastula or gastrula cannot so clearly be detected. 


b) Centrifuged eggs 

Ammonia-treated eggs are kept in normal sea water for 25 
to 80 minutes, and then centrifuged at 10,000-15,000x g for 15 
minutes. These eggs generally become unicellular larvae which 
have cilia only in the centrifugal portion, where the vitally stained 
granules have been accumulated. However, not all of them become 
such uncleaved larvae. Some eggs develop to larvae in which the 
cilia surround the equatorial zone like a band, or concentrate in 
two or three parts of the surface, similar to those obtained from 
non-centrifuged eggs. After staining these larvae, the stained 
granules are always found in the cytoplasm below the ciliated area. 
It seems, therefore, that the granules which have been shifted to 
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the centrifugal portion by centrifugation, gradually move to their 


new position prior to the cilia formation. 


a 


> 


Fig. 3. ‘Vital staining of unicellular larvae of Urechis unicinctus. 
a-f: about 30 hours after activation by ammoniacal sea water. 
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Discussion 


The author has already reported on the cytoplasmic granules 
which are revealed by vital staining in the sea urchin egg, and 
suggested a possible relationship between these granules and 
cleavage-activity of the egg (Kojima, 1959). In the present work, 
not only similar results have been confirmed in the eggs of Urechis 
unicinctus but two other interesting facts have been found. One is 
that in centrifuged fertilized eggs cilia are produced only in the 
centrifugal portion, where the stained granules are contained. 
Another is that the granules are always found in the cytoplasm 
below the ciliated area of unicellular larvae. The latter fact seems 
to coincide with the observation of Hiratwa and Kawamura (1935) 
that the ciliated area of unicllular Urechis larvae, can be recognized 
easily in section (stained with HerpENHAIN’s haematoxylin) by the 
compact granular structure of cytoplasm. | 

From these, it may be suggested that the vitally stainable cyto- 
plasmic granules play an important role not only in cleavage but 
also in cilia formation of Urechis eggs. 


SUMMARY 


1. If the unfertilized egg of Urechis unicinctus is stained vitally, 
the stained granules appear around the germinal vesicle. If the 
fertilized egg is stained, they appear around the nucleus and, later, 
around the amphiaster, so that they are distributed into both 
blastomeres more or less equally. 

2. These granules are thrown into the centrifugal portion of the 
egg after a strong centrifugation (10,000-15,000 x g for 10-15 minutes). 
In such an egg, cleavage is repeated regularly in the centrifugal 
portion, but no cleavage occurs in the centripetal portion, where no 
granules are found. Thus, a larva with the giant cell, is produced. 
The cilia formation also takes place only in the centrifugal portion. 

3. When the unicellular larva, induced parthenogenetically by 
the ammonium treatment, is stained, the granules first appear around 
the nucleus, and later assemble in the cytoplasm below the ciliated 
area. | 

4. From these results, it may be suggested that the vitally 


i 
rh, 
im 
| 
4 
4 
‘a 
it 
a 
; 
f 
& 
| 


218 MANABU KUNO KOJIMA 


stainable granules play an important role both in cleavage and in 
the cilia formation. 


The author are indebted to Prof. M. SUGIYAMA for his invaluable advice 
and encouragement in the course of the work. Thanks are also due to Prof. 
K. DAN and Dr. J. C. DAN for their correction of the manuscript. 
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ELECTRIC PROPERTIES OF ECHINODERM EGGS 


YUKIO HIRAMOTO 
Misaki Marine Biological Station, Miura-shi, Kanagawa-ken 


For many years, it has been believed that there is practically 
no potential difference across the plasma membrane in echinoderm 
eggs (TayLor and WHITAKER, 1926; GELFAN, 1931; RoTHSCHILD, 1938; 
KaMADA and Kurnosita, 1940; ScHEER, Monroy, SANTANGELO and 
RiccoBono, 1954). However, according to Rotruscuitp and Barnes 
(1953), the concentration of potassium is 21-fold higher in the proto- 
plasm of the sea urchin egg than in the outside sea water. If this 
ionic asymmetry is associated with a potential difference across the 
plasma membrane just as in many other cells, a potential of about 
80 mV, inside negative, is expected (cf. TyLer, Monroy, Kao and 
GRUNDFEST, 1956). Previously, information on the electric properties 


in echinoderm eggs has been obtained by measurements in egg 


suspensions (cf. Core and Curtis, 1950). This method is, however, 
not suitable for an accurate measurement of membrane resistance 
when the specific conductivity of the medium is as high as that of 
sea water. Moreover, in such experiments, membrane potential 
cannot be measured. 

Using ultra-microelectrode technique recently advanced in the 
field of electrophysiology, LuNpBEerRG (1955) and Ty er et al. (1956) 
determined the membrane potential and the membrane resistance. 
However, as far as the membrane potential was concerned, quite 
different results were obtained between the two investigations. The 
discrepancy of the results gave an impetus for the present paper. 
Preliminary notes on this experiment have been presented elsewhere 


(HrrAMOTO, 1958, 1959). 


MATERIALS 


Materials used were the oocytes of the starfish, Asterias amur- 
ensis and the mature eggs of the regular sea urchin, Hemicentrotus 
pulcherrimus, the heart-urchin, Clypeaster japonicus and the sand- 
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dollar, Peronella lesueuri. Starfish oocytes were obtained by gently 
shaking the ovaries dissected out of animals in sea water followed 
by washing with sea water several times. Sea urchin eggs were 
collected in a glass vessel filled with sea water by introducing 
isotonic KCl solution into the body cavity and then washed with 
sea water. 


METHODS 


Experimental arrangement 

In most of experiments, the manipulation of the egg was done 
in the manipulation chamber devised by the author (Hrramoro, 1956) 
with some modification to facilitate fertilization. As shown in Fig. 1, 
an egg was put on the upper edge of the wedge-shaped space of the 
manipulation chamber. The whole mechanical and optical set-up— 
the manipulation chamber, the microscope and the micromanipulators 
—was laid obliquely by 30° to horizontal plane, to hold the egg in 
position without overflow of the sea water (cf. Fig. 1). Manipulation 
was carried out under 200x or 400x magnification. 


I 


Fig. 1. Diagramatic illustration of the experimental arrangement. 

Left: manipulation chamber and arrangement of electrodes. Right: 
electrical arrangement for the determination of membrane characteristics. 
C: manipulation chamber. E: egg. E:, E2: potential electrodes. E;: 
current electrode. E,: reference electrode. M: microscope objective. 
S: stage of microscope. I: electric set-up for recording trans-membrane 
current (cathode ray oscillograph with a DC-amplifier). P: electronic 
square pulse generator. V: electric set-up for recording egg potential 
(cathode ray oscillograph with a differential DC-amplifier). 
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Electrical measurements 

As pointed out by Ty ter et al. (1956), it was very difficult to 
insert microelectrodes into the eggs. As a result of many trials, it 
was found that microelectrodes which were drawn from thin-walled 
glass capillaries having tips smaller than 0.54 in diameter were 
suitable. The microelectrodes were filled with 3m KCl and were 
connected to Ag-AgCl non-polarizable electrodes. | 

In the determination of the potential within the egg, a single 
microelectrode was used which was connected to a high impedance 
| negative capacity input amplifier and a cathode ray oscillograph. 
The external medium was grounded with a reference electrode 
containing agar-sea water connected to an Ag-AgCl electrode with 
a KCl bridge. When it was required to measure the potentials 
simultaneously at two different parts of an egg, they were recorded 
with two elements of a dual-beam oscillograph after amplification 
with two sets of amplifiers. 

For the determination of the electric constants of the egg, 
square pulse currents of 10, 20 or 30 msec. in duration were delivered 
from an electronic pulse generator (Figs. 1, 2, P) between a micro- 
electrode inserted into the egg and the ground. At the same time, 


Fig. 2. Diagramatic illustration of the arrangement of electrodes (upper 
figures) and oscillographic records (lower figures). 

I: electric set-up for recording currents (upper figures) and currents 
recorded (lower figures). O: oocyte. P: electronic square pulse generator. 
V, V1, V2: electric set-up for recording potentials (upper figures) and poten- 
tials recorded thereby (lower figures). For further explanation, see text. 
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potential difference between the inside and the outside of the egg or 
between two different parts of the egg protoplasm was measured 
with a pair of capillary microelectrodes. The reference electrode 
in the outside medium was grounded through a 1 megohm resistor 
(Figs. 1, 2). The potential difference between the two ends of the 
resistor was amplified and recorded with one of the elements of a 
dual-beam oscillograph which represented the applied current. The 
potential difference led with the potential electrodes was differenti- 
ally amplified and recorded with the other element of the oscillograph. 

When one of the potential electrodes and the current electrode 
were within the egg while the remaining potential electrode was 
in the outside medium (Fig. 1, Fig. 2A), the potential created by 
the application of the current was considered to be mainly due to 
the IR drop across the membrane. The potential change during 
the current flow was of a characteristic exponential form (Fig. 3), 
which could be expected from 
the assumption that the mem- 
brane was electrically equiva- 
lent to a network consisting 
of a resistance and a capacity 
in parallel. The resistance of 
the membrane could be com- 
puted from the magnitude of 
the potential change obtained 


in the potential record and 0 10 20 30 40 50 60 


that of the applied current in sm Sec. 

the current record. The resis- . 

i Fig. 3. Change in egg potential 
tivity of the membrane Rm, during the application of trans-mem- 


which will simply be called brane current of a fertilized egg of 


b Peronella lesueuri. 
Upper trace: potential record. 


obtained by multiplying the Lower trace: current record. Temp.: 


27.5° C. 

surface area which was calcu- 
lated from the egg diameter measured with a micrometer eye-piece. 
The time constants (r) when the rise of the voltage trace reached 
1-1/e of the final value or when the fall reached 1/e of the initial 
value were obtained graphically from the potential record. The 
membrane capacity (Cm) was determined from the relation Cm=t/Rm. 

Similarly to the determination of the membrane resistance, 
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resistivity of the membrane of the 
germinal vesicle in the starfish oocytes 
was determined by measuring the IR 
drop during the application of current 
across the nuclear membrane (cf. Fig. 
2D). 

When both potential electrodes and 
the current electrode were all in the 
cytoplasm of the same egg (Fig. 2C), 
the following relation exists with 
approximation between the potential 
change (V) caused by the applied 
current (J), 


in which p is the specific resistance of 
the cytoplasm and % and x are the 
distances from the tip of the current 
electrode to the tips of the two poten- 
tial electrodes. Specific resistance of 
the cytoplasm could be estimated from 
this formula. 


Recording 

In the measurement of the poten- 
tial only, visual observation was sup- 
plemented by photography of the trace. 
In the determination of the electric 
constants of the egg, oscillographic 
records were obtained by photography. 
In fertilization experiment of the eggs 
of the sand-dollar, Peronella lesueuri, a 


Fig. 4. Oscillographic record of change 
in egg potential upon fertilization in an egg 
of Peronella lesueuri. 

Upper trace: time signal (interval: 0.21 
sec.). Middle trace: egg potential. Lower 
trace: time signal (interval: 4.32 sec.). For 
further explanation, see text. Temp.: 28°C. 
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special method of recording was adopted for continuous recording 
of the potential and the determination of the electric constants at 
regular intervals. 

For recording the change in potential precisely, the following 
method was used (cf. Fig. 4). Two beams of the oscillograph, one 
being used for time signal (interval: 0.21 sec.) and the other for 
the potential (cf. photograph of the cathode ray tube in the left- 
hand corner of the figure), were swept recurrently once in every 
2 seconds, while the film in the recording camera was moving at a 
constant speed obliquely to the direction of the sweep. As a result, 
the loci of the spots of the beams on the cathode ray tube showed 
oblique parallel lines without overlapping one another. As shown 
in the figure, the moments of insemination, attachment of sperm to 
the egg surface and the initiation of membrane elevation were also 
recorded on the trace of the time signal. The third trace in the 
figure indicates the speed of the moving film (interval: 4.32 sec.). 
Thus quick and slow changes could be recorded simultaneously on 
the same film. | 

For the determination of the electric constants of the egg during 
fertilization, the following procedure was used. The two elements 
of the oscillograph were used for the potential and for the applied 
current. The sweeps of the oscillograph were triggered with pulses 
delivered from the pulse generator shortly before the application 
of trans-membrane current, whereas they were stopped while the 
currents were not applied. In this case, since the recording film 
was moving similarly to the above case, continuous recording of 
the potential could be achieved together with the determination of 
the electric constants at regular intervals. 


RESULTS 


Electric properties of the starfish primary oocyte 

When a potential electrode penetrated the cell, a potential 
negative with respect to the surrounding sea water was created 
abruptly. The magnitude of this potential, which will be called 
“egg potential” hereafter, was kept almost unchanged for a long 
time. Egg potentials measured simultaneously at different parts of 
an oocyte with two microelectrodes (cf. Fig. 2B) did not always 
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coincide with each other. When a single electrode was moved in 
the cytoplasm, different potential values were obtained in different 
parts of cytoplasm, but this result did not exclude suspicion of 
possible change in leaks around the microelectrode as it was moved 
around. For the apparent difference in potential within the cytoplasm, 
there is a possibility that (1) the potential was actually uneven 
within the cytoplasm, or that (2) electromotive force created at the 
electrode tip inserted into the cytoplasm was different for each 
electrode. The latter possibility must be more likely considering 
the low resistivity of the cytoplasm (cf. later section). The electro- 
motive force created at the tip of the microelectrode was measured 
and discussed in details by ApriAN (1956) in amphibian skeletal 
muscle fibers. Therefore, it is considered that the egg potential 
determined by capillary microelectrode is not the membrane potential 
itself, but it represents the algebraic sum of electromotive forces at 
the plasma membrane and at the tip of the microelectrode and the 
voltage drop by leaks around the electrode. The magnitude of the 
egg potential is shown in Table 1. 


Table 1. Electric characteristics of echinoderm eggs 
Membrane Membrane 
Egg potential | resistance capacity 
(mV) (ohm-cm?) (uF /cm?) 
290—1,250 1.7-4.9 
Asterias amurensis —6.3~ —20.3 

(typical values:|(typical values: 
Primary oocyte (mean: —14.7) 2.0-2.5) 
390° 1,480 | 1546 

condary oocyte \(typical values:|(typical values: 

(mean: —17.5) |" 550-650) | 1.62.1) 
Hemicentrotus pulcherrimus.| —6.1~ —148 180-710 1.6-3.3 
Unfertilized egg (mean: —8.9) (mean: 350) (mean: 2.7) 
‘Clypeaster japonicus | 
Fertilized egg | 
(amphiaster stage) | 


The inside of the germinal vesicle was, in many cases, positive 
with respect to the cytoplasm. However, considering the electro- 
motive force at the tip of each electrode, the potential difference is 
too small to make a definite statement. 

Membrane resistances and membrane capacities determined by 
the method described in the preceding section are shown in Table 1. 


a 
; 
> 
| 
¢ 
a? 
Th! 
aie 
a, 
he 
4 
ik 
ae 
3 
au 


226 YUKIO HIRAMOTO 


2 3 4 


Anodal Current——10-8A 

+10 
®: Primary Oocyte of A. amurensis 
©: Secondary Oocyte of A, amurensis 

+20 @: Unfertilized Egg of H. pulcherrimus 
O: Unfertilized Egg of P. lesueuri 

30 O: Fertilized Egg of P. lesueuri 
® +40 


Fig. 5. Current-voltage relations in echinoderm eggs. 


The current-voltage relations became straight lines as shown in 
Fig. 5. 

Potential changes during application of trans-membrane current 
measured with two different electrodes (Fig. 2B) did not exactly 
agree with each other; the final values of electrotonic potentials 
were almost the same, but the time courses were different from each 


other (Fig. 2B). The reason why such a result was obtained is 


unknown at present. It must not be due to the defects of the 
recording system (see Appendix). At any rate, this fact suggests 
the necessity for reexamination of the principle of the measurement 
of the membrane capacity. 

A typical time course of the change in potential difference 
between two parts of the cytoplasm during the application of current 
is shown in Fig. 2C, which is expected from the difference in the 
potential changes measured at two parts of the cytoplasm (Fig. 2B). 
The final value of the potential during the application of current is 
not so much different from the potential difference at rest, which 
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indicates low specific resistance of the cytoplasm: By calculation, 
it was found that the specific resistance of the cytoplasm is smaller 
than 500 ohm-cm, which is comparable with the results in other 
echinoderm eggs (cf. Cote and Curtis, 1950). 

The change in potential difference across the nuclear membrane 
during the application of current is shown in Fig. 2D, which is 
similar in form to the potential change in the above case (Fig. 2C). 
The resistivity of the nuclear membrane calculated from such records 
was smaller than 5 ohm-cm’, which is much smaller than the resis- 
tivity of the plasma membrane. There, however, remain some 
possibilities that the electrodes did not successfully penetrate the 
germinal vesicles, in spite of the fact that they did as far as micro- 
scopic observation was concerned. 


Electric properties of other echinoderm CLLRS 

Similar experiments were done in secondary oocytes of Asterias 
amurensis, unfertilized eggs of Hemicentrotus pulcherrimus and 
Peronella lesueuri, and fertilized eggs of Clypeaster japonicus’ and 
Peronella lesueurit. The results are shown in Tables 1 and 2. In 
Hemicentrotus eggs, the insertion of microelectrode into the egg was 
so difficult that it was necessary to jar the base of the micro- 
manipulator by one or more taps for successful insertion, probably 
for the reason that the vibration caused a rupture in the surface 
membrane. In Clypeaster eggs, the potential did not instantaneously 
reach a steady value; the potential rose up to a higher steady value 
within a few minutes after the penetration of the electrode, e.g., 
30 mV of the initial value rose to 50 mV of the final value. The 
egg potentials in the table indicate the final values. The current- 
voltage relations became straight lines in all kinds of eggs tested 
(cf. Fig. 5). 

No definite potential difference was found among any parts of 
the Clypeaster egg in the amphiaster stage, as for instance between 
the astral center and the peripheral part of the egg. But this 
conclusion is only tentative considering the electromotive forces at 
the electrode tips and the leaks around the electrodes mentioned 
in the preceding section. 


') Amphiaster stage. Fertilization membranes had been removed by 
treatment. with isotonic urea solution, 
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Changes in electric properties upon fertilization 

Preliminary experiments were done in starfish secondary oocytes. 
a After the egg potential and the membrane resistance were measured, 
ia the oocyte which had been penetrated with the electrodes was 
inseminated to see if the potential change occurred upon fertilization 
and later the membrane resistance was determined once again. It 
was found that the membrane resistance was higher in cells before 
fertilization than in those after fertilization. The egg potential 
gradually decreased but quick changes were never observed upon 
fertilization. 

More detailed experiments were carried out in Peronella eggs.’ 
As shown in Fig. 4, the egg potential began to decrease shortly 
before initiation of membrane elevation, reached a minimum, and 
then increased almost up to the original value. Duration of this 
potential change was about 1 minute. At the same time as this 
slow potential change occurs, irregular fluctuations in egg potential 
with amplitude of 1 millivolt or so were observed (cf. Fig. 4). 
Quicker changes in egg potential such as spike-like change reported 
by Horr (1958) in Hemicentrotus eggs was never observed. Some- 
times, the egg potential reversed its sign (i.e., became inside positive) 
during the potential change (cf. Table 2). 


- = 


| ; Table 2. Electric characteristics of Peronella eggs 


| | Membrane Membrane 

| Bag potential | resistance capacity 

| | (mV) (ohm-cm?) (uF /cm?) 

—5,2~—322 | 1,970-6,600 0.74-1.00 

| Unfertilized egg (mean: —12.6) | (mean: 3,940) | (mean: 0.88) 

| 

| Egg at the time of the | 106~—16.0 | 1,450-3,210 1.14-1.90 
peak of potential change 

. upon fertilization (mean: —2.3) | (mean: 2,380) | (mean: 1.50) 

Egg 34 minutes after -—5.0~—28.9 | 1,580~4,700 2.09-2.80 

insemination (mean: —12.1)|} (mean: 3,100) | (mean: 2.32) 


af  ] The membrane resistance and the membrane capacity were 
determined by applying 30 msec. trans-membrane square currents 
| at regular intervals of 5 or 10 seconds to the egg at the time of 
tog fertilization. A typical result is shown in Fig. 6. The resistance 


*) Preliminary note has been presented elsewhere (HIRAMOTO, 1959), 
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decreased first and then sightly increased. The time course of’ the ie 
change in membrane resistance was similar to that of the egg 
potential although the former did not completely return to its 
original state. The membrane capacity increases accompanying 
with the potential and resistance changes and reached the final 
value of 2-4 times the capacity before insemination in about 1 
minutes. Then, in many cases, the membrane capacity slightly 
decreased and again increased several minutes after insemination. 
This change in capacity is just the same as the change found by 
Inpa (1943) by impedance measurement of egg suspension. The chief 
electric characteristics of Peronella eggs are shown in Table 2. — 


Potential Resistance Capacity 


—mvV —ohm-cm? —«F/cm? 
44 
+ 
|, 
Or 8 “15900 
42 
6 6 - “1 
659699 9 
Inseminate | 


Time in minutes 

Fig. 6. Changes in egg potential, membrane resistance and membrane 
capacity upon fertilization in an egg of Peronella lesueuri. 

Solid line: Egg potential. The width of the line represents the amplitude 
of the fluctuation potential. §: membrane resistance determined by appli- 
cation of outward trans-membrane current. %: membrane resistance deter- 
mined by application of inward current. 4: membrane capacity determined 


by application of outward current. °: membrane capacity determined by 
application of inward current. Temp.: 27.5° C. 


DIscussION 


The original object of the present study was to reveal the 
presence or absence of the membrane potential in echinoderm eggs. 
It has been shown in this paper that the potential inside the cell 
is negative with respect to the outside medium in various echino- 
derm eggs. This result agrees with that of Tyzer et al. (1956) but 
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contradicts to those of many previous investigators (Taytor and 
WHITAKER, 1926; GELFAN, 1931; RoTuHscHitp, 1938; Kamapa and 
KrnosiTA, 1940; ScnHeer et al., 1954; LunpBerc, 1955; Horr, 1958). 
The absence of membrane potential reported by earlier investigators 
might be due to the failure of penetration of microelectrodes as 
discussed by Ty er et al. (1956) because rather blunt electrodes were 
used in those investigations. The last two investigators (LUNDBERG, 
1955; Hort, 1958) have reported several millivolts of positive mem- 
brane potentials. Positive potentials were met with many times in 
the present experiment when the microelectrode was pushing the cell 
surface. However, they do not seem to represent potentials within 
the egg, judging from the facts that (1) the potential usually changed 
its sign simultaneously with the rupture in the surface membrane 
by futher insertion of the electrode as far as microscopic observation 
could tell, and (2) characteristic electrotonic potentials were never 
created by the application of trans-membrane currents as long as 
the potential was positive. Similar phenomenon was described and 
an explanation was presented by Ty.er et al. (1956). 

The membrane resistances and the membrane capacities obtained 
in the present study are comparable to those of other echinoderm 
eggs (CoE, 1928, 1985; and Cote, 1936a,b; CoLe and SpENcER, 
1938; and Curtis, 1938; 1943,°) 1949; LuNpDBERG, 1955; 
Ty Ler et al., 1956). 

The second object of the present investigation was to examine 
whether or not electric properties of the egg change upon fertili- 
zation. In the experiment of Peronella eggs, changes in egg potential, 
membrane resistance and membrane capacity have been clearly 
revealed. It seems unlikely that the potential and the resistance 
changes are due to the change in leaks around the microelectrode, 
because the potential not only decreased but also reversed its sign 
in some cases. It is interesting that the time course of the change 
in membrane conductance (the reciprocal of the membrane resis- 
tance), which is a measure of the ionic permeability of the membrane, 
is similar to that of the change in the water permeability upon 
fertilization in sea urchin eggs (Hopson, 1932; IsHikawa, 1954). 


3) According to a personal communication from Dr. T. T. IIDA, values of 
the membrane capacity in his paper (1943) must be doubled owing to his 
miscalculation. 


: 
em 
rete 
| 
x 
| 
| | 
4 
by 
it 
iat 
| 
| 
aT 
1 
4 
OB 
| 
| 
ibs 
| 
| 
Bor 
ipa 
te 
4 


ELECTRIC PROPERTIES OF ECHINODERM EGGS 231 


Changes in egg potential, membrane resistance and membrane 
capacity all begin shortly before visible membrane elevation and 
last for about 1 minute. The duration of the electric changes turn 
out to be the same as the conduction time of the cortical change 
over the egg surface in this species (determination by Mr. Y. Enno). 
This fact suggests a close correlation between the electric changes 
and the structural change in the egg surface at the time of fertili- 
zation. If we assume that the breakdown of cortical granules is 
brought about by a transient increase in ionic permeability and its 
resulting potential change of the plasma membrane, or contrariwise, 
if the breadown of the cortical granules is accompanied by an 
increase in permeability and consequent depolarization, the shapes 
of the resistance and the potential changes are easily explained. 
Similarly, if the increase in the capacity of the membrane is brought 
about by the cortical change, it is expected that the membrane 
capacity of the whole egg gradually increases during the propagation 
of the cortical change over the egg surface. 


Of course, electric changes determined with microelectrodes 
deeply inserted into the egg in the present experiment are averaged 
changes in unit-parts of the egg. It is unknown at present whether 
or not changs in electric properties of the membrane are initiated 
at the site of sperm entry and propagate along the cell surface like 
the breakdown of cortical granules. The electric potential created 
at a part of the egg surface ought to spread to adjacent parts 
because the egg is composed of electric conductors. The extent of 
this electric spread cannot exactly be calculated because no theo- 
retical analysis of the electric properties such as the cable theory 
in the cylindrical cell (Rusuton, 1934; Cote and Hopcxin, 1939; 
HopckKIN and RusatTon, 1946) has been made in the spherical cell. 
But approximate magnitude can be inferred from the analogy to 
the cylindrical cell. Now consider a nerve fiber having the same 
diameter (100 2), the same membrane resistance (350 ohm-cm’) and 
the same protoplasm resistance (200 ohm-cm’’) as those of the sea 
urchin egg. In this fiber, the length constant is calculated to be 
0.066 cm. This fact implies that, if a part of the fiber is completely 
depolarized, only 14 per cent of the electromotive force of the mem- 


‘) Cf. COLE and CurRTIS (1950). 
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brane ought to be detected as membrane potential at the part 100 uv 
away from the depolarized part. Because the electric spread in sea 
urchin eggs seems to be the same in order as that in this fiber, only 
1/5-1/10 of the difference in electromotive forces between two parts 
of the membrane can be detected as potential difference. Therefore, 
even when the propagation of the electric change takes place, it 
must be very difficult, although not impossible, to reveal this propa- 
gation with electrodes in such a small egg. 


SUMMARY 


4 Electric potentials inside the egg, membrane resistances and 
membrane capacities have been determined in the oocytes of the 
starfish, Asterias amurensis and the mature eggs of the regular sea 
urchin, Hemicentrotus pulcherrimus, the heart-urchin, Clypeaster 
japonicus and the sand-dollar, Peronella lesueuri by means of multiple 
microelectrode method. Following results were obtained. | 

1. Potentials inside the cell measured with capillary micro- 
electrodes (egg potentials) are 14.7 mV in primary occytes of A. 
amurensis, 17.5 mV in secondary oocytes of A. amurensis, 8.9 mV in 
unfertilized eggs of H. pulcherrimus, 12.6 mV in unfertilized eggs of 
P. lesueuri, 12.1 mV in fertilized eggs (3-4 minutes after insemination ) 
of P. lesueuri and 55.3 mV in fertilized eggs (amphiaster stage) of 
C. japonicus (mean values), all of which are negative with respect 
to the outside sea water. 

2. Membrane resistances and membrane capacities were deter- 
mined from oscillographic records of the changes in egg potential 
during the application of rectangular trans-membrane currents. 
Membrane resistances and membrane capacities are 290-1,250 
ohm-cm’ and 1.7-4.9 uF/cm’ in primary oocytes of A. amurensis, 
390-1,480 ohm-cm? and 1.5-4.6 «F/cm?’ in secondary oocytes of A. 
amurensis, 180-710 ohm-cm’ and 1.6-3.3 uF/cm’ in unfertilized eggs 
of H. pulcherrimus, 1,970-6,600 ohm-cm’* and 0.74-1.00 uwF/cm’ in 
unfertilized eggs of P. lesueuri, and 1,580-4,700 ohm-cm’ and 2.09- 
2.80 uF/cm’ in fertilized eggs (3-4 minutes after insemination) of 
P. lesueuri, respectively. 

3. In many cases, potentials inside the germinal vesicles of 
primary oocytes of A. amurensis are positive with respect to the 
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cytoplasm. Resistivity of the membrane of the germinal vesicle is 
smaller than 5 ohm-cm’. 


4. Changes upon fertilization in egg potential, membrane resis- 
tance and membrane capacity were measured in Peronella eggs. 


The potential begins to decrease shortly before initiation of mem- 
brane elevation and then almost returns to its original value within 
about 1 minute. Membrane resistance decreases together with the 
depolarization and it vecovers more or less completely thereafter. 
Membrane capacity increases up to 2-4 times upon fertilization. 


The author acknowledges his indebtedness to Prof. H. KINOSITA for his 
constant advice and to Prof. K. DAN for his valuable criticisms and kind help 
in the preparation of the manuscript. He also thanks Mr. R. HorI, Mr. Y. 
ENDO, Dr. T. T. IIDA, and Prof. Y. KATSUKI for their fruitful suggestions and 
discussions of the problems which arose during the work. 
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APPENDIX 


In order to determine the change in electrode resistance when 
an electrode was inserted into the cytoplasm and to check the 
fidelity of the potential record in such a condition, the following 
experiments were done. (1) Electrode resistance was determined 
in arrangements shown in Fig. 7A, B. In these cases, voltage divided 
by applied current is the resistance of the electrode. As a result, 
it was found that the resistance of the electrode increased by 2-8 
megohms by the insertion of the tip into the cytoplasm. (2) Then 
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a resistor of 10 megohms was inserted in the recording circuit as 
shown in Fig. 7C. In this case, the fidelity of the potential record 
was scarcely affected. Therefore, it may safely be said that the 
increase in electrode resistance owing to the insertion of the elec- 
trode into the cytoplasm does not markedly affect the fidelity of 
the record. (3) This fact was further confirmed by the experiment 
shown in Fig. 7D. In this case, the resistance of the egg proper, 
namely the resistance of the membrane and the protoplasm, was 
connected with the resistance of the electrode in series. Nevertheless, 
the fidelity of the potential record was practically unaffected. 


Fig.7. Arrangement of electrodes ‘and recorded potentials and currents. 

I: electric set-up for measurement of current (upper figures) and re- 
corded current (lower figures). O: oocyte. P: electronic square pulse 
generator. V: electric set-up for measurement of potential (upper figures) 
and recorded potential (lower figures). For further explanation, see text. 


(Manuscript received: 3. Dec., 1958) 
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STUDIES OF THE METAMORPHOSIS IN INSECTS 


III. RELATION BETWEEN PUPATION AND OXYGEN 
TENSION IN DROSOPHILA MELANOGASTER 


MINORU TAKAOKA 
Department of General Education, Nagoya University, Nagoya, Japan 


INTRODUCTION 


When the body of the mature larva of the fruit fly, Drosophila 
melanogaster, is ligated at two levels, the middle part of the body 
alone fails to pupate in most cases. A similar suppression of pupa- 
tion is obtained when the larval tracheal tubes are cut at two levels 
in the abdomen (Takaoka, 1957). These results suggested that not 
a humoral factor but the oxygen supply may be a limiting factor 
for pupation of the mature larvae under the experimental conditions. 
However, when the same treatments are done about 1-2 hours before 
the anticipated pupation time, the middle. part does pupate, in spite 
of isolation from the outside air (TaKaoxa, 1957). Thus, the larva 
immediately before pupation appears to be able to pupate under an 
oxygen deficiency. 

In order to test these possibilities suggested by the i eines 
experiments, pupation of mature Drosophila larvae under different | 
low oxygen tensions was studied. iS 

The writer wishes to expess his sincere thanks to Prof. Tunzo 
Yamapa for his valuable criticism. 


MATERIAL AND METHOD 


1. Experimental animal. The material used was mature larvae 
of Drosophila melanogaster. Only individuals which had left the food 
and had crawled onto the sides of the culture bottle were used, 
assuming that such larvae must have accumulated sufficient quantity 
of the pupation hormone (BopENsSTEIN, 1939, 1950). 

2. Preparation of gas mixture. As the gaseous environment for 
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the larvae, oxygen was mixed with nitrogen under one atmospheric 
pressure. Thus mixtures with 0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 
7.0, and 10.0% oxygen were prepared (Fig. 1). 


N2+ Oz 
N2+O2 
= REP 1iq. 
| water| 
Oz N2 
/ 


_ Fig. 1. Apparatus for mixing oxygen with nitrogen under one 
atmospheric pressure. | 


3. Exposure of larvae to low oxygen tension. The technique 
adopted was as follows: Five larvae were placed in a glass tube of 
ca. 6 cm. in length and 1 cm. in diameter, containing a small piece 
of moist filter paper, and the glass tube was closed at both ends 
with gauze. Ten such tubes were hung in a glass cylinder of 3,600 
cc. Before a gas mixture was introduced into the cylinder; the air 
contained in the cylinder was drawn out with a vacuum pump, and 
the cylinder was kept in this condition for about 5 minutes to remove 
the air retained in the tracheal tubes of larvae as much as possible. 
The amount of mixed gas used in one series of experiment was 
about 7,000 cc. under one atmospheric pressure. Excessive gas was 
let out through the stopcock of the cylinder. Throughout the pro- 
cedure experimental animals were kept at 25°C. 

4. Control experiment. The control experiment was done in the 
air. Before each run, the cylinder was evacuated as in experimental 
series. Evacuation for 5 minutes had no effect on pupation. 
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5. The process of pupation. Under normal culture conditions 
the larvae attach themselves to the wall of the glass tube and evert 
their anterior spiracles. They then assume the typical pupal shape 
and is called the white pupa, because their cuticle is still transparent 
(CHEN, Tse-Y1n, 1929). About one hour later the pupal cuticle de- 
velops brown coloration characteristic for the species (BoDENSTEIN, 
1950). Number of pupae given in the present paper is the sum of 
white and colored ones. In a small number of pupating individuals 
under the experimental conditions, the head part failed to assume 
pupal characters. Such pupae will be referred to as incomplete 


pupae (Fig. 2). 


Cc 


Fig. 2. Complete (a) and incomplete (b and c) pupae. 
a: Anterior spiracles were everted completely. 

b: Incomplete evertion of the anterior spiracles. 

c: The anterior part failed to pupate. 


EXPERIMENT 


Exp. I Pupation of larvae kept under different low oxygen tensions 
Sor 24 hours (Table 1). 

Mature larvae were exposed to the above-mentioned gas mixtures 
with graded concentrations of oxygen, and to the air, for 24 hours 
at 25°C., and the pupae were counted at the end of the experiment. 
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Table 1. 


Pupation of mature larvae of D. melanogaster kept under 
different low oxygen tensions for 24 hours, at 25°C. The numbers 
in parentheses indicate the numbers including that 

of incompletely pupated larvae. 
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Experiment Controls in the air 
O2 tension 
Nos. of Nos. of (% of pu 
in % |Total; pupated % Total; pupated indi- 
individuals | individuals | viduals 
0 100 0 0 90 88 98.0 
1.0 99 0 0 80 75 93.8 
1.5 147 3 2.0 96 91 94.8 
2.0 297 23( 38) 7.7(12.8) 171 154 90.1 
2.5 249 112(138 ) 45.0( 55.4) 173 156 90.2 
3.0 120 | 66(112) 55.0(93.0) | 100 94 94.0 
3.5 115 112 97.4 60 60 100.0 
4.0 103 100 97.1 86 86 100.0 
5.0 68 64 94.1 92 86 . 95 
6.0 85 77 90.6 80 78 97.5 
7.0 80 76 95.0 62 60 96.8 
10.0 70 70 100.0 76 72 94.7 


0 


A 


control 


completely pupated 
larvae 


including incompletely 
pupated larvae 


115 2 25335 4 
Oxygen tension. in 

Fig. 3. Pupation of mature larvae of D. melanogaster kept under 
different low oxygen tensions for 24 hours, at 25°C. 
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As shown in Table 1, no pupation occurred in 0 and 1.0% oxygen, a 
small number of individuals pupated in the range of 1.5-2.0% oxygen, 
and a half of the population pupated in 2.5-3.0% oxygen. In the 
atmosphere containing more than 3.5% oxygen, no significant sup- 
pression was observed as compared with the series with the air 
(Table 1, Fig. 3). ) 


Exp. II The course of pupation of larvae exposed to the air and 
to different low oxygen tensions (Table 2-6). 

Mature larvae were exposed to the air, 1.5, 2.0, 2.5 and 3.0% 
oxygen at 25°C., and the frequency of pupae was counted every 
hour for 10 hours following the beginning of the experiments. 


A) Exposure to the air (Table 2, Fig. 4). 

The results presented in Table 2 indicate a quick increase in the 
frequency of pupae attaining the maximum 8 hours after the be- 
ginning of experiments. 


Table 2. Pupation of mature larvae of D. melanogaster in the 
air during the course of 10 hours, at 25° C. 


Time in hours after | | | : 
experiment | 

Nos. of pupated 
be 69 | 112 | 160 | 219 (255 277 288 | 291 | 291 | 291 | 298 
Pupation rate in % | 22.2 | 36.1 | 51.6 | 70.6|82.3/89.4 92.9 93.9 93.9) 93.9| 96.1 


§ Total numba = 310 


B) Exposure to 1.5, 2.0, 2.5 and 3.0% oxygen (Tables 3-6, Fig .4). 

In the series with 15% and 2.0% oxygen, within 1-3 hours a 
low level of incidence of pupation was reached which remained 
unchanged later (Tables 3 and 4). On the other hand, a gradual 
increase of the frequency of pupae during the whole course of ex- 
periment was noted in the series’with 2.5% and 3.0% oxygen (Tables 
5 and 6). 


C) Exposure of larvae with everted anterior spiracles to 1.5% oxy- 
gen (Table 3, Fig. 5). | 
The larvae with everted anterior spiracles are the oldest of the 
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Table 6. Pupation of mature larvae of D. melanogaster in 3.0% 
oxygen during the course of 10 hours, at 25° C. 


Time in hours after be- 
gs 2 94'—/|—}| 94 
completely | 2 | 82 | 5¢ | 64 | 80 90 | 94 
 Pupated | 24| 32 | 54 | 64/ 80| 90/94/94) —  —| 94 
+ °! Nos. of incompletely 
Nos. | 
24 | 34 | 42 | 50 | 50 | 54 | 54 | 54 | — | — | 66 
J Completely (A) | | 
| | 20| 28 | 35 | 42 | 42 | 45 | 45 | 45 | — | — | 55 
| 
| Nos. of incompletely 
0 | 2 | 6 | 8 | 12] 20/ 20 24 | 46 
Nos. 
oe Compl. plus 24 | 36 | 48 | 58 | 62 | 74 | 74 | 78 | — — {112 
pupated % | 20! 30| 40 | 48 | 52! 62 | 62 65 | — — | 93 
70 
50} 
40} 
ama control 
30 group A 
group B 
20 
10 
0 1 2 3 
Time in hours 
Fig. 5. Pupation of mature larvae of D. melanogaster kept 


under 1.59% oxygen during the course of 10 hours, at 25°C. 
Comparison between the pupation rate of larvae with everted 
spiracles and that of mature larvae without everted spiracles. 


Group A: Larvae with everted spiracles 


Group B: Larvae without everted spiracles 
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CoNCLUSION 


Although it has been established that the pupation hormone of 
the ring gland is necessary for pupation of Drosophila larvae, several 
experiments (BopenTsTEIn, 1938; TAkaoKka, 1957) suggested that the 
oxygen supply may be a limiting factor for pupation of mature 
larvae which possess, according to BoDENSTEIN (1938), a concen- 
tration of the hormone sufficient for pupation. The effect of oxygen 
on pupation of mature larvae has been confirmed in the present 
study. The results of the experiments in which incidence of pupa- 
tion was studied under various oxygen tensions indicate that the 
minimum oxygen tension which is required for pupation of Droso- 
phila melanogaster is 1.5% at 25°C. From this it may be inferred 
that in the earlier experiment of suppression of pupation by ligation 
of the body or by cutting of tracheal tubes (Takaoka, 1957), the 
oxygen tension within the larval body must have dropped to less 
than 1.5%. 

A very high incidence of pupation is shown by the oldest age 
group under an oxygen tension (1.5%) which allows only a very 
low incidence of pupation for the average age group (Exp. II. C). 
In the light of the results, the exceptional behavior of the oldest 
larvae toward ligation and cutting cited above (p. 237) is well under- 
standable. 


SUMMARY 


1) The effect of oxygen deficiency on pupation of the mature 
larvae of Drosophila melanogaster was studied by exposing them to 
atmosphere of different oxygen tensions. 

2) When mature larvae were exposed to pure nitrogen or to 
atmosphere containing 1.0% oxygen for 24 hours, all larvae failed 
to pupate. In 15% and 2.0% oxygen, 2.0% and 7.7% of larvae 
pupated respectively. When the oxyyen tension was raised to 3.5%, 
the frequency of pupae increased abruptly, and in atmosphere with 
higher oxygen contents the pupation rate did not differ significantly 
from that of the control series, in which larvae were allowed to 
pupate in the air. 

3) When the time course of pupation was followed in 2.5-3.0% 
oxygen, the frequency of pupae increased gradually during the whole 
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larvae used, which have not been studied in the earlier series. They 
pupate within ca. 45 minutes in the air. These larvae were exposed 
to 1.5% oxygen and the frequency of pupae was compared with that 
of the series using larvae without everted spiracles. 
in Table 3 and Fig. 5, the formers pupate within about 3 hours, in 
spite of failure of pupation in most of the latters. 
experiment, the larvae with everted anterior spiracles were exposed 
to 1.0% oxygen. These larvae did not show any sign of pupation. 


As presented 


In a separate 


Table 3. Pupation of mature larvae of D. melanogaster in 1.5% oxygen 
during the course of 10 hours, at 25°C. The figures under each 

hour indicate the total number of pupated individuals, and 

those in parentheses the corresponding percentage. 


— 


Time in hours after 
beginning of 1 2 3 4 5 6 7 8 9 | 10 | 24 
experiment | 
Control in Total| 22 | 32 | 42 | 60 | 60 | 60 | 60 | 60 | 60 60 | 60 
air 60 | (37) | (53) | (70) |(100)|(100)|( 100) (100 )|( 100 )|( 100 )|( 100 )|( 100) 
&/Larvae with- | | 
1 1 1 1 ] ] 1 
out everted 60 
spiracles (1.7)) (1.7)} (1.7))| (1.7)| (1.7); (1.7)} (1.7) (1.7) (1.7)| (1.7)} (1.7) 
Larvae with | 
everted (3g) | (94) | (94) | (94) | (94) 94) | (94) | (94) | (94) 
‘2 spiracles (13) ) | (94) | (94) | (94) | (94) | (94) | (94) | (94) | (94) |(94) 
Table 4. Pupation of mature larvae of D. melanogaster in 2.0% 
oxygen during the course of 10 hours, at 25°C. - 
ginning of experiment | 9 | 10 
% | 18 33 /| 46 | 63 | 69 | 80 | 84 | 84 | 84| 84 | 94 
Nos. of | | 
Nos. 
| 15 | 15] 15 | 15 | 15 | 15 | 15 | 15 
pupated % | 32| 5.21.9.7| 9.7! 9.7| 9.7 9.7 | 9.7| 9.7| 9.7/9.7 
| | 7 | 18 | | 25 | 15 | 15 | 15 | 15 | 15,} 35 
Fe Compl. plus Fool 28 30 | 30 | 30 30 | 30 30 | 30 | 30 
pupated % | 7.1| 9.7| 18 | 19 | 19 | 19 | 19 | 19 | 19 | 19 | 19 
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Table 5. Pupation of mature larvae of D. melanogaster in 2.5% 
oxygen during the course of 10 hours, at 25° C. 


~ ime in hours after be- | | | | 
_ ginning of experiment 2} 3 5 6 | 7|8| 9 | 10) 24 
£43 Completely | Nos | 12) 25 | 32 | 51 67 | 71 | 75 78 | 78 | 78 | 78 
% | 15| 31 | 40 64 | 84 | 89 | 94 | 98 | 98 | 98 | 98 
25° 
| Nos. of incompletely | | 
0 
Nos. 
44 5] 
Completely (A) 7 26 | 30 | 33 4 
| Pupated | 61| 9.6| 13| 23 | 26 | 29 | 29 | 31 | 32 | 38 | 44 
> 
“x -: | Nos. of incompletely 
| pupated (B) 81117133 13)13) 14) 2 
| Compl. plus 7 15 | 28| 38 | 44 | 44 | 49 | 50 | 58 | 77 
N incompl. 
pupated 0 | 6.1| 9.6| 13 | 24 | 33 | 38 38 | 43 44 | 50 | 67 
100 | 
90} O Air 
60} 0 15% 
of 
= 
30 
10 


Time in hours 


Fig. 4. Pupation of mature larvae of D. melanogaster kept under differ- 
ent low oxygen tensions during the course of 10 hours, at 25° C. 


——: Completely pupated larvae 
-----: Including incompletely pupated larvae 
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Table 6. Pupation of mature larvae of D. melanogaster in 3.0% 
oxygen during the course of 10 hours, at 25° C. 


- Time in hours after be- 

_ginning of experiment 6| 7 8 | 9 | 10 | 24 
£8] completely Nos. 24 | 32 at hoe 80 | 90 | 94 | 94 94 
| 24 | 32 | 54 | 64 | 80 | 90 | 94 | 94) — | — | 

+ °! Nos. of incompletely 

Nos. | 
Completely (A) 24 | 34 | 42 | | 66 
% | 20 | 28 | 35 | 42 | 42 | 45 | 45 | 45 | — | — | 55 
| Nos. of incompletely 
0] 2 | 6 | 8 | 12| 20| 20| 24 46 
SE | Compl. plus |, 24 | 36 | 48 | 58 | 62 | 74 | 74| 78 | — | — 
incompl. 
pupated % 20 | 30 | 40 | 48 | 52 | 62 | 62 | 65 | — | — | 93 
= 
40. 
amu control 
30L group A 
group B 
20, 
WY 


0 


2 
Time in hours 


3 


Group A: Larvae with everted spiracles 
Group B: Larvae without everted spiracles 


Fig. 5. Pupation of mature larvae of D. melanogaster kept 
under 1.5% oxygen during the course of 10 hours, at 25°C. 
Comparison between the pupation rate of larvae with everted 
spiracles and that of mature larvae without everted spiracles. 
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CONCLUSION 


Although it has been established that the pupation hormone of 
the ring gland is necessary for pupation of Drosophila larvae, several 
experiments (BopenTsTeIn, 1938; Taxaoxka, 1957) suggested that the 
oxygen supply may be a limiting factor for pupation of mature 
larvae which possess, according to BopENSTEIN (1938), a concen- 
tration of the hormone sufficient for pupation. The effect of oxygen 
on pupation of mature larvae has been confirmed in the present 
study. The results of the experiments in which incidence of pupa- 
tion was studied under various oxygen tensions indicate that the 
minimum oxygen tension which is required for pupation of Droso- 
phila melanogaster is 1.5% at 25°C. From this it may be inferred 
that in the earlier experiment of suppression of pupation by ligation 
of the body or by cutting of tracheal tubes (Takaoka, 1957), the 
oxygen tension within the larval body must have dropped to less 
than 1.5%. 

A very high incidence of pupation is shown by the oldest age 
group under an oxygen tension (1.5%) which allows only a very 
low incidence of pupation for the average age group (Exp. II. C). 
In the light of the results, the exceptional behavior of the oldest 
larvae toward ligation and cutting cited above (p. 237) is well under- 
standable. 


SUMMARY 


1) The effect of oxygen deficiency on pupation of the mature 
larvae of Drosophila melanogaster was studied by exposing them to 
atmosphere of different oxygen tensions. 

2) When mature larvae were exposed to pure nitrogen or to 
atmosphere containing 1.0% oxygen for 24 hours, all larvae failed 
to pupate. In 15% and 2.0% oxygen, 2.0% and 7.7% of larvae 
pupated respectively. When the oxygen tension was raised to 3.5%, 
the frequency of pupae increased abruptly, and in atmosphere with 
higher oxygen contents the pupation rate did not differ significantly 
from that of the control series, in which larvae were allowed to 
pupate in the air. | 

3) When the time course of pupation was followed in 2.5-3.0% 
oxygen, the frequency of pupae increased gradually during the whole 
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course studied. However, in 1.5 and 2.0% oxygen occurrence of 
pupation was limited to 1 and 3 hours respectively after the be- 


ginning of experiments. 

4) The obtained data give a base of interpretation for the earlier 
experiment of the suppression of pupation by ligation of the larval 
body and cutting of the tracheal tubes of the mature larvae. Also 


the fact that the oldest larvae can pupate in spite of a very low 
oxygen tension adequately explains, exceptional cases of pupation 


observed in the earlier study. 
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ELECTRON MICROSCOPIC STUDIES ON CYTO- 
PLASMIC STRUCTURES OF ECTODERM CELLS 
OF THE TRITURUS EMBRYO DURING THE 

EARLY PHASE OF DIFFERENTIATION 


SHUICHI KARASAKI® 
Biological Institute, Faculty of Science, Nagoya University, Nagoya, Japan 


INTRODUCTION 


The recent technological development of electron microscopy, 
together with the refinement of the technique of ultra-thin sections 
has provided analytical cytology with the means for the study of 
fine structure. However, the method has been applied mainly to 
differentiated tissue cells and unicellular organisms, but only ex- 
ceptionally to early embryonic cells. Thus, it has to be studied yet 
whether the early embryonic cells have the same basic fine structure 
as that of the differentiated cells of adult tissues, and how the 
components of embryonic cells behave in the early phase of develop- 
ment when the cellular differentiation is realized. By examining 
the architecture of developing cells at the macromolecular level of 
organization, and correlating the data with those of biochemical 
studies, results may be expected, which are essential for under- 
standing the role played by cell components in the process of cellular 
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differentiation. With this in mind, I have undertaken an investigation 
of the changes in fine structure of cellular constituents during early 
development in the amphibian ectoderm cells with the -electron 
microscope. In the part of the investigation, which will be reported 
here, the cytoplasm of ectoderm cells of the newt, Triturus pyrrho- 
gaster, at the successive stages from the early morula to the late 
tail-bud embryo was studied. In a separate communication, similar 


data on the nucleus will be reported. The choice of the material 
was made because it is one of the most intensively studied develop- 


mental systems from the viewpoint of determination, differentiation, 
and prospective significance, and is very well suited for surgical 


operation which is necessary for obtaining samples for thin sections. 
Thus it is possible to have samples of the cell population belonging 
to the same cell lineage arranged in sequence of developmental 
stages. 


MATERIAL AND METHODS 


Eggs were obtained by inducing ovulation by implanting pieces 
of the ox hypophysis in the mature females of Tviturus pyrrhogaster. 
Numbering of developmental stages was made according to OKapDa 
and IcHIKAWA (1947). Small pieces of the ectoderm, each about 0.02 
mm? in volume, were taken from the morula (St. 5, St. 7), blastula 
(St. 9, St. 10), beginning gastrula (St. 11), early gastrula (St. 12), 
middle gastrula (St. 13), late gastrula (St. 14), beginning neurula 
(St. 15), early neurula (St. 16), late neurula (St. 19), early tail-bud 
embryo (St. 26), and late tail-bud embryo (St. 29). Operation was 
carried out on denuded embryos in HoLTFrRETER solution with glass 
needles. Utmost care was exercised to obtain isolates of pure 
prospective significance. Up to the gastrula stage (St. 13) the 
presumptive ectoderm was excised from the animal pole region. 
During and after induction of the neural plate (St. 14-19), the neural 
area and epidermal area were separately extirpated without including 
the underlying mesoderm or endoderm. At the onset of histological 
differentiation (tail-bud stage), the brain, spinal cord (neural area), 
and ventral epidermis (epidermal area) were isolated as purely as 
possible. | 

The isolated sample was quickly transferred into the fixative of 
the following composition: 29% osmium tetraoxide (2.5 cc.), m/7 sodium 
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veronal-sodium acetate (1 cc.), m/10 hydrochloric acid (0.6 cc.), and 
M/8 HoLTFRETER Solution (0.9 cc.), (pH 7.8). Treated with the fixative 
for 1 to 3 hours at 4°C., the sample was rinsed in HOLTFRETER 
solution, and then passed through 50%, 70%, 80%, 959¢ (each for 
40 minutes), and 100% alcohol (three changes in 120 minutes). A 
mixture of 70 or 80% m-butyl methacrylate and 30 or 20% methyl 
methacrylate containing 0.5% 2,4-dichlorobenzoyl peroxide was used 
for embedding. Polymerization was accomplished in an oven at 45- 
50° C. within 10 to 24 hours. 

Sections cut with a glass knife on an ultra-microtome of thermal 
expansion type (Type JUM-4, Japan Electron Optics Laboratory, Co., 
Ltd.) were placed on collodion-coated cupper grids and examined 
without removal of plastics with a JEM-5G type electron microscope 
(Japan Electron Optics Laboratory, Co., Ltd.) or with a HU-10 type 
electron microscope (Hitachi, Ltd.). Micrographs were taken at 
initial magnification of 2,000 to 20,000, and thereafter enlarged 


optically as desired. 


OBSERVATIONS 


The main cytoplasmic constituents existing in the developing 
amphibian ectoderm cells are. mitochondria, cytoplasmic vesicles, 
micro-particles, Gotc: complex, yolk platelets, lipochondria, pigment 
granules,’ and cell membrane. In the following, morphological 
characterization and developmental changes of these constituents 
will be separately described. 


Mitochondria 

At the early gastrula stage (St. 11, St. 12), mitochondria are 
represented by spheres or spheroids with a diameter varying from 
0.3 to 0.74. Two distinct parallel layers having a total thickness 
of about 20 mz furnish the external membrane of the mitochondrion. 
Internally two or three short inconspicuous cristae are found. In 
the smaller mitochondria, only a few if any cristae can be seen 
(Fig. 2). The thickness of the cristae (double membranes plus the 
interspace) shows a variation between 20 and 50 mz. The internal 
space of mitochondria appears homogeneous, and has about the same 
opacity as that of the surrounding ground substance of the cytoplasm 
(Fig. 3). Sections through cells of the presumptive ectoderm of the 
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morula (St. 8 and St. 7) and blastula (St. 9 and St. 10) reveal a 
similar structure. In addition to these mitochondria, spherical bodies, 
smaller and distinctly denser than the mitochondria, ranging between 
0.1 and 0.3 » in diameter, can be observed in three stages mentioned 
above (Fig. 1). These bodies located close to the nucleus indicate 
a dense outline which is, however, not clearly delimited from the 
surrounding cytoplasm. Some of these bodies enclose a dark, finely 
granulated substance. A structure reminiscent of cristae may be 
found in the substance. The dense bodies as well as the mitochondria 
include osmiophilic particles which are known to be present in typical 
mitochondria of mammalian tissue cells. 

In the late gastrula (St. 14), the presumptive neural cells have 
a large number of mitochondria which occur especially frequently 
around the invaginated surface of the nucleus. The long oval ‘or 
rod-shaped mitochondria, even as long as 2 », can be observed beside 
spherical ones. Within each mitochondrion, cristae are definitely 
more in number and more clearly structured than in the mitochon- 
drion of the last stage. Most of these cristae are arranged regularly 
at right angles to the long axis of the mitochondrion. However, in 
a longitudinal section through the mitochondrion the cristae do not 
usually form a complete transverse septum, leaving a wide space 
between the external membrane and one of its free ends. The 
opacity of the internal space is very low and of about.the same 
order as that of the back ground of the cytoplasm. 

On the other hand, in the cells of the presumptive epidermal 
area of the late gastrula stage, the condition of mitochondria of the 
preceding stage is retained. 

At the neurula stage (St. 15-St. 19) the cells of the neural plate 
contain a population of mitochondria, which are larger in number 
and in size compared with that of the late gastrula stage. Many 
filamentous mitochondria can be recognized, whose internal structure 
reveals a complexity not observed in earlier stages (Fig. 6). The 
filamentous mitochondria, even as long as 3 yu, are present. These 
longer ones show a tendency to line up alongside the elongated 
nucleus. Branching (Fig. 5) and bending of mitochondria also occur 
frequently. Some of the elongated mitochondria are moniliform, and 
indicate constriction into smaller elements (Fig. 4). The dense 
bodies found abundantly in the early gastrula are hardly observed 


\ 


| 
+) 
| 
| 
| 
i 
if 
‘ 
i 
| | 
| 
| 
| 
rea 
| 
ft 
ik 


THE CYTOPLASM OF DEVELOPING ECTODERM CELLS 251 


at the neurula stage. 

In the cell of the epidermal area of the same stage, most of 
mitochondria assume an ovoid or rod form, and the filamentous 
mitochondria as long as 2 u are lacking. Compared with those of 
neural cells of the same stage, the cristae are definitely less developed 
in quantity and quality. 

In the cells of the spinal cord region of the tail-bud embryo 
(St. 26-St. 29), mitochondria appear more numerous than in the 
normal cells of the previous stages. A variation of mitochondria in 
size, shape and internal structure within a single cell is noted. Most 
of the mitochondria are elongated and slender, and provided with 
complicated cristae and dense matrix (Fig. 7). The length of this 
type of mitochondria can reach 6y. Its width is found to be 0.2- 
0.4 u. A large number of plate-like cristae are arranged transversely 
to the long axis of the mitochondria, most of them passing completely 
across the mitochondria. In some of elongated mitochondria, cristae 
assume a villous form, appearing frequently as circular profiles 
filling up mitochondrial matrix. In all types of mitochondria of this 
stage the density of matrix is higher than that of the surrounding 


_ cytoplasm, in clear contrast to mitochondria of earlier stages which 


show matrix of much less density (compare Fig. 1-6). A marked 
accumulation of mitochondria is noted in the juxtanuclear region, 
although some of them are scattered in the cytoplasm. In some 
sections, more than eighty mitochondria are found to make up a 
condensed mass near the nucleus. In addition to the elongated ones 
there exist spherical mitochondria of 2 to 3 in diameter, with an 
irregular surface (Fig. 9). They also have a very complicated system 
of tubular, tortuous cristae oriented at random to each other. It is 
not possible to decide whether these two types of mitochondria 
belong to different mitochondrion species or represent two phases of 


one mitochondrion species. 
In the cells of the epidermal area of the tail-bud stage, more 


mitochondria are found near the periphery of the cells, whereas they 
are rare in the juxtanuclear region. It is not improbable that the 
distribution of mitochondria is connected with the intensive ciliary 
activity of the epidermal cells at this developmental stage. The 
mitochondria of epidermal cells have an oval or slightly elongated 
form, and are 1 » in length, with a somewhat irregular outline. The 
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length of those mitochondria is definitely less than that of the neural 
cell mitochondria. Their cristae are more elaborated and larger in 
number when compared with those of the mitochondria of the epi- 
dermis cells of the neurula stage, but they are less so when compared 
with those of the mitochondria of the neural cells of the same stage. 


Cytoplasmic vesicles and micro-particles 

Up to the early gastrula stage, the cytoplasmic matrix of the 
presumptive ectoderm is rather loose and is mainly built up of 
small opaque particles with a diameter of 10-25 mz with a mean at 
18 mz. These particles, tentatively called micro-particles in this 
paper, are found singly or in cluster of 5-10 particles. Apparently 
they correspond to small particulate components or PALADE granules 
of the mammalian tissue cells (PALADE, 1955). Beside those particles, 
numerous smaller, very dense particles of approximately 6 my in 
diameter are dispersed (Fig. 8). These particles have dimension 
and electron density similar to those of ferritin micelles studied by 
Kurr and DAttTon (1957). No typical structure of the endoplasmic 
reticulum is detected. However circular profiles of ca. 100 to 500 mz 
are observed scattered in the cytoplasm. Examination of numerous 
sections including serial sections, indicates that the profiles belong 
to roughly spherical vesicles. They will be referred to as cytoplasmic 
vesicles. They are composed of a single thin membrane, measuring 
5 to 10 mz in thickness, and are not accompanied by micro-particles 
on their external surface (Fig.3). Probably these vesicles belong to 
agranular vesicles or the smooth surfaced variety of endoplasmic 
reticulum according to the classification of PALApDE (1956). 

During neurulation (St. 15-St. 19) within neural plate cells both 
vesicles and micro-particles increase in frequency giving the cyto- 
plasmic matrix a dense appearance. Some of cytoplasmic vesicles 
become furnished with micro-particles on their external surface. 
Sometimes, cytoplasmic vesicles show a tendency to come into a 
close contact with each other. 

Also in the epidermal area of the neurula a slight increase in 
frequency of cytoplasmic vesicles and micro-particles appears to have 
occurred (Fig. 8). 

In spinal cord cells of the tail-bud stage (St. 26-St. 29) abundant 
cytoplasmic vesicles and micro-particles are found. The latter are 
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either freely dispersed in the cytoplasmic matrix, or attached to the 
external surface of some of the cytoplasmic vesicles (Fig. 9). 

As compared with the neural cells of the same stage, the cyto- 
plasm of the epidermal cells of the tail-bud embryo contains smaller 
number of cytoplasmic vesicles and micro-particles. But now and 
then the particles are attached to the vesicles. 


complex 

Throughout the developmental stages studied, the Go_c: complex 
is present in the ectoderm cell. It is composed of lamellae and 
vesicles. According to the size, two types of the Goici complex 
can be distinguished, which are designated as the large and small 
types according to the size. The large type has a total diameter 
of approximately 24 and is found in the vicinity of the nucleus. 
Its lamellae consist of paired membranes with a total thickness of 
about 30 mz. Four to seven pairs of membranes are packed together 
parallel to each other, and assume a characteristic curvature so that 
they may appear in sections as a bundle of roughly semicircular 
lines. Often the cavity of the flattened sac formed by the paired 
membranes is dilated to a vesicle indicating budding of vesicles 
from the membranes. In the concavity of lamellae, numerous 
circular and oval vesicles ranging in size from 30 to 300 my are 
clustered. Infrequently these vesicles appear also in the convex 
side of the lamellae. Both lamellae and vesicles have no particles 
attached to or associated with them. The profiles of these vesicles 
are morphologically indistinguishable from cytoplasmic vesicles 
described above (Fig. 10). The large type Go_ci complex has been 
observed only after gastrulation and found to be infrequent also in 
the cells of later stages studied. 

The small-Gotic1 complex is randomly scattered in the cytoplasm. 
The complex is composed more compactly, and is below 1 yz in size. 
The bundle of lamellae is-more regularly arranged than in the large 
type, and run linearly without showing the curvature characteristic 
for the large type. The vesicular components are smaller in dimen- 
sion as well as in number. This type of Gotci complex is very 
frequently observed in all ectodermal cells at all stages studied. 
Close structural similarities exist between this body with “‘dictyo- 
somes” of sea urchin oocytes (AFrzeE.ius, 1956), ‘“‘agranular cisternae” 
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of rat spermatid (PALApg, 1956), and “annulate lamellae” of Spisula 
and Otala oocytes (ReBHuN, 1956; Swirt, 1956). 

In both types no vacuoles larger than 500 mz are found, which 
are commonly observed associated with the Gotci1 complex of adult 
tissue cells. The ultrastructural organization of the Gotc1 complex 
appears identical before and after neurulation, and between the 
neural and epidermal region. Also in distribution of the Gotar 
complex within the cell no change is observable during the early 


phase of differentiation. 


Yolk platelets 

The yolk platelets are present in large number, and are scattered 
throughout the cytoplasm. They assume the form of an ellipsoid 
in which the ratio of long and short axes varies considerably. 
Variation in size is also striking, their long axis measuring from 0.5 
to 6y. The yolk platelet is composed of a compact main body and 
a layer of fine particles lying superficially. In the gastrula or younger 
embryos the platelets are enclosed by a single membrane of approxi- 
mately 6 my thickness (Fig. 12). When the duration of fixation is 
longer than three hours, the membrane is not visible in sections. 

The superficial layer of the platelets is composed of many dense 
particles of ca. 10 my in diameter lying loosely. These dense particles 
can be distinguished from the micro-particles by their smaller size 
(Fig. 12, Fig. 13). Up to the gastrula stage, the superficial layer 
seems to retain its original thickness in the ectoderm cell. In the 
presumptive neural cell the superficial layer gradually diminishes 
in its thickness during neurulation to disappear completely at the 
tail-bud stage (Fig. 14). In the cell from the epidermal area of the 
late gastrula and of the neurula the superficial layer is much thinner, 
when compared with that of the neural area of the same stages. 
At the tail-bud stage, the superficial layer of yolk platelets is 
completely vanished also in the epidermis .cells. 

The main body of the yolk platelet appears homogeneous and 
shows a high electron density. Although at a lower magnification, 
it appears sharply delimited from the superficial granular layer, no 
limiting membrane is present between them. Under high magnifi- 
cation, the main body of the yolk platelet indicates a very regular 
system of parallel lines with a periodicity of 70.1+0.4A (Fig. 16a) 
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(Table 1). Within one period a light and dark band alternate. The 
dark band measures 40+6A in width (Fig. 16a). Careful observation 
of Fig. 16a reveals another system of linear bands of the same 
periodicity running obliquely to the main system at an angle of 45°. 
These systems of linear bands are considered to be fringes. It should 
be noted that these fringes run throughout the main body of the 
platelet without dislocation and distortion. The same fringe systems 
of the yolk platelets are observed at all stages examined between 
the morula and tail-bud stage. The observed dimension of fringe- 
spacing is given in Table 1. The regular arrangement of fringe 
systems shows that the main body of yolk platelets is crystalline. 


' Table 1. Dimensions of fringe-spacing of the crystalline 
structure in yolk platelets 


- 


Region Fringe-spacing* 


Plate No. Stage of embryo Per A 
Y-58-78 A 4 Ectoderm 66 +1 1 
F-57-524 ll Ectoderm 69 +1 l 
Y-58-87 A 11 Ectoderm 66 +1 1 
F-57-531 14 Neural (A)** 66 +2 2 

(B) 62 +2 3 
F-57-521 16 Neural 65 +1 2 
F-57-528 18 Neural 67 +1 2 
F-57-409 19 Epidermal 65 +1 2 
F-57-390 19 Neural lst*** 70.1+0.4 0.7 

2nd 70 +1 l 
F-57-323 19 Neural 69 +1 1 
F-57-526 19 Neural 65 +1 1 
F-57-525 26 Neural 69 +1 1 


* Each mean value is obtained from the measurements of the dis- 
tances between 10 lines of 10 selected parts in a yolk platelet. 
_** Fringe systems of two different yolk platelets in a photographic 


plate. 
*** Fringe systems corresponding to the first and second planes of a 


crystalline lattice. 


In the electron diffraction pattern of the yolk platelets reproduced 
in Fig. 16b, two pairs of spots can be observed. One pair is fairly 
strong, and the other very weak. The distance between these spots 
corresponds to a fringe-spacing of 72 A in both pairs. This spacing 
is in good agreement with the periodicity measured directly in the 
electron micrograph. When the specimen is illustrated with intense 
electron beam, the fringe or diffraction spot disappears in a few 


minutes. 


4 
4 
3 


256 SHUICHI KARASAKI 


Up to the tail-bud stage no changes are recognized in the main 
body of the platelet. During the tail-bud stage the outer surface of 
the yolk platelet assumes an appearance of concentric laminae, the 
single lamina measuring 4-7 my in thickness (Fig. 14, Fig. 15). Also 
in this condition the main body reveals the fringe systems. It is 
not improbable that the laminar structure indicates a gradual 
decomposition of the main body beginning from its surface. 


Lipochondria 

Lipochondria, or lipoid bodies, appear as irregular lobes, varying 
0.5 to 2 w in size, limited by the external envelope or sheath consisting 
of a few delicate membranes. Two types of lipochondria are dis- 
tinguished. 

In the first group, which will be called type A, the interior of 
the body appears very dark and finely granular at a high magnifi- 
cation (Fig. 17). They are distributed throughout the cytoplasm, 
but are more abundant in the region close to the cell membrane. 
They can be found in ectoderm cells of all stages up to the tail-bud 
stage, constituting the predominant part of the lipochondrial popu- 
lation. Occasionally another type of lipochondria, which will be 
referred to as type B is observed (Fig. 18). Although their outline 
and limiting membranes are similar to those of type A, their interior 
has a spongy appearance under low magnification. This appearance 
is caused by the presence of very fine particles arranged in irregular 
chains. Externally these chains are condensed to a_ peripheral 
compact layer. In the ectoderm cells, type B lipochondria are seldom 
observed up to the early tail-bud stage. At the later tail-bud stage 
they increase in number, and are observed frequently associated with 


type A lipochondria, although the latters are predominant in number 


also in the later stages. During these stages type B lipochondria 
larger than 4y in diameter appear not infrequently. They may 
represent the so-called liposomes (cf. HOLTFRETER, 1946c). 


Pigment granules 

The structure identified as the pigment granule is a very dense 
sphere, ranging from ca. 400 to 600 my in diameter. It is enclosed 
in a thin membrane about 5 my in thickness, and is composed of 
small dense spherical subunits of about 50 my in diameter, which 


| 
| 
| 
| 


THE CYTOPLASM OF DEVELOPING ECTODERM CELLS ~~ 257 


are tightly bound together. Each subunit consists of numerous 
irregular particles having the dimension of 5 to 10 my (Fig. 19). 


In the ectoderm cells of the gastrula, abundant pigment granules 
are observed in the outer zone and in the perinuclear zone of the 
cytoplasm. During neurulation, a gradual decrease in number of 
pigment granules is observed in the cells of the neural area. This 
decrease is more striking in the juxtanuclear region than in the 
peripheral zone. At the tail-bud stage, the frequency of pigment 
granules in neural cells is much lower than at the neurula stage. 
On the other hand, in the epidermal region the frequency of the 
granules remains unchanged during and after neurulation. Thus a 
large population of the granules can be detected in the epidermal 
cells of the tail-bud embryo. Sometimes the pigment granules 
which have been distorted or fragmented into a small group of 
subunits arranged in contorted chain are encountered especially in 
the neural cells at later stages. In the late neurula, a group of 
pigment granules may be found on the outer surface of neural cells, 
suggesting their extrusion from the cells. No sign of distortion or 
fragmentation of the granules are noted in such cases. 


Cell membrane and cell surface 


At all stages studied, each ectoderm cell is limited by a distinct 
cell membrane which is usually less than 10 mz in thickness. Up 
to the gastrula stage the cells are mostly spherical but their surface 
show numerous corrugations, which limit the cel] contact to small 
local areas. Thus, an intercellular space up to 2 or 3 u is of common 
occurrence. At the early gastrula stage the contact area of cell 
membranes is extended, and the surface irregularies are partly 
smoothed out. As a rule, the cell membranes of two adjacent cells 
run parallel to each other, and are separated regularly by an inter- 
space of ca. 10 to 20 mz (Fig. 20). Im some cases, a direct connection 
of the cytoplasm between two adjacent cells through a pore in cell 
membranes ranging from 10 to 100 mz is observed. Whether this 
interruption of cell membranes is an artifact or not is difficult to 
decide for the moment. In the epidermis cells of the same stages, 
larger intercellular spaces are more frequent than in the neural cells, 
while intercellular connections are frequent as in the neural cells 
(Fig. 8). In the tail-bud embryo, the cytoplasmic connection is 
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infrequent, and the cell membranes of adjoining cells run parallel 
to each other without interruption. Sometimes a small projection 
is formed from the cell surface penetrating deeply into the neighbour- 
ing cells. Even in this case, the two parallel cell membranes consti- 
tute a complete boundary separating two adjacent cells. 

At the gastrula stage, the surface of the cells which builds up 
the outer surface of the ectodermal layer sometimes sends out a 
group of irregular papillae. This part of the cellular cortex is 
formed by a zone of about 0.3-0.7 u, having a relatively homogeneous 
appearance, containing only micro-particles and occasionally a few 
small cytoplasmic vesicles. Just beneath the cortical zone, pigment 
granules, lipochondria, yoik platelets and mitochondria are densely 
packed, suggesting that a barrier for inclusions is present separating 
the cortical zone from the endoplasmic area (Fig. 21). It seems 
important to note that the barrier is apparently formed by a rather 
vague layer distinguishable from the surrounding cytoplasmic matrix 


by higher density. 


DISCUSSION 


Although the importance of mitochondria for cellular oxidation, 
production of high energy bond, etc. is generally recognized, their 
behavior during development of the amphibian embryo has not 
received due attention. According to HotTrreTer (1946a), the cells 
of amphibian embryos do not have mitochondria. However it is 
very probable that the structures which he called “lipochondria”’ 
represent partly mitochondria. Borer, and WEBER (1955) separated 
centrifugally the fraction of mitochondria from various developmental 
stages of Xenopus, and studied its cytochrome oxidase activity. 
According to the recent paper of Eakin and LEHMANN (1957), the 
mitochondria are observable in the thin sections through developing 
amphibian ectoderm cells under the electron microscope. Further- 
more they suggested a regional differentiation of the mitochondrial 
population of the Xenopus embryo. The present observation confirms 
essential points of their observations, and reveals detailed changes 
in the fine structure of mitochondria which escaped their observation 


made at a lower magnification. 
_ The first question concerns regional differentiation of the mito- 
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chondrial population within the ectoderm. During gastrulation the 
regional difference of mitochondrial population appears between the 
presumptive neural plate and epidermis, and becomes more and more 
accentuated as development proceeds. Apparently, there occurs a 
. great increase in number and size of mitochondria, accompanied by 
elaboration of their internal structure in the cells of the neural area. 
The changes are less marked in the epidermal area. If we assume 
that the mitochondria observed in the later stages are direct 
descendants from those observed in the earlier stages, the mor- 
phogenesis of mitochondria during the studied stages may be 
surmised as follows: The inner layer of mitochondrial membranes 
turns towards the interior, forming numerous lamellae and pro- 
jections which grow in extent and in number, while the mitochon- 
drion increases its volume and elongates. Undoubtedly, formation 
of cristae causes a striking increase in the surface area of the 
internal membranes per unit volume. If the cristae do serve as the 
framework for insoluble oxidative enzymes, as PALape (1953), 
Watson and (1956), and Srekevirz and Watson (1956) 
suggest, then the mitochondria of the neural area in later stages 
may possess a level of enzyme activity much higher than those of 
earlier stages. It is interesting to correlate the present findings on 
the submicroscopic differentiation of mitochondria with the pro- 
gressive increase of the cytochrome oxidase activity of the mito- 
chondrial fraction in the developing Xenopus embryo, described by 
Boe_t and Weser (1955). The exponential increase in respiration 
of the embryo (AT LAs, 1938) and the parallel increase of cytochrome 
oxidase 1945), and succinic dehydrogenase 1945) 
may be linked with morphological elaboration of mitochondria as 
well as with their multiplication and size increase during progressive 


development. 

Rapid multiplication of mitochondria observed during early 
stages of development raises a question as to the mechanism of 
multiplication. Are there any granules which may be identified as 
precursors of mitochondria? At the gastrula stage one finds dense 
bodies without any visible inner structure and limited by a single 
membrane (Fig. 1). They qualify, at the present stage of the study, 
for the precursors of mitochondria: (a) They are the only clearly 
defined organellae of suitable size and structure; (b) their less 
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homogeneous matrix contain structures reminiscent of cristae; (c) 
there exist transition forms between the dense bodies and typical 
mitochondria; (d) the dense bodies frequently occur at the gastrula 
at stage, and are observable up to the neurula stage, but not later. 
| The occurrence of similar bodies has been noted in the cells of rapid 
’ proliferation and high synthetic activity such as fibroblast in tissue 
| culture (Portes, 1956), regenerating hepatic cells (Rovuitter and 
BERNHARD, 1956), and tumor cells (WEISSENFELS, 1957). Probably the 
‘i dense bodies in the amphibian ectoderm cells are derived from the 
ie | | unfertilized egg. However possibility of a de novo origin of dense 
| bodies from other cytoplasmic structures can not be neglected. No 
| positive evidence has been found in the present study for the earlier 
views that amphibian mitochondria may arise from ribonucleoprotein 
particles, pigment granules, lipochondria, and yolk platelets (cited in 
HOLTFRETER, 1946 a, Cc). 
| Occurrence of constricted mitochondria especially in the later 
| gastrula and the neurula (Fig. 4) may suggest multiplication of 
mitochondria by fission at this phase. It appears rather probable 
that dense bodies develope into mitochondria which then multiply 
by fission. However, such suggestion needs more quantitative studies 
before it is taken seriously. 
: In so-called mosaic eggs such as ascidian (Ciona, REVERBERI, 1956, 
| 1957 b), annelid (Tubifex, LEHMANN and WAHLI, 1954, WEBER, 1956), 
ctenophore (Bervoe, REVERBERI, 1957 a), the specific blastomeres or 
specific regions of eggs are distinguished by characteristic difference 
_ in their mitochondrial population or in cytochemical reactions which 
are related to mitochondria. On the other hand in the so-called 
regulatory eggs, including amphibian eggs, the characteristic differ- 
ences in the mitochondrial population of various tissues seem to 
appear during early stages of development. Especially in amphibian 
it is probable that such differences are partly brought about by the 
organizer during gastrulation and neurulation. 
As is well known, the gradient of reduction of vital staining 


dyes (CuiLtp, 1948) and O,-consumption (BarTH, 1942, 1942, 
SzE, 1953) of the amphibian embryo occurs along the dorso-ventral 
and animal-vegetal axis. After the appearance of the medullary 
plate those activities are higher in the neural plate and lower in 
the epidermis area. The present data are in conformity with the 
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hypothesis that such physiological pattern is a reflection of the fre- 
quency and activity of mitochondria and their progressive change 
during development in the regions under consideration. 

Next we turn to the system of endoplasmic reticulum and small 
particulate components. No typical structure belonging to the endo- 
plasmic reticulum could be detected in the ectodermal cells at any 
developmental stage studied here, although in the functional liver 
and brain of the same species, for instance, the rough surfaced endo- 
plasmic reticulum in the form of canaliculae and lamellae does ap- 
pear. | 

The vesicular bodies which are seen in all ectoderm cells pro- 
bably correspond to the smooth surfaced variety of endoplasmic 
reticulum according to the PALApDse’s terminology (PALADE, 1956). 
From the late gastrula stage, the vesicles increase gradually in 
number, and later on they are furnished with micro-particles on 
their external surface. However spacing of micro-particles on the 
surface of the membranes in this case is much wider and more 
irregular compared with that found in the brain of the larva. In 
any case, it is not improbable that the cytoplasmic vesicles furnished 
with micro-particles represent the precursor of the rough surfaced 
variety of endoplasmic reticulum of the advanced stage. This is 
suggested by occurrence of several cytoplasmic vesicles lined up in 
a row in the neural cells of the tail-bud embryo. The wall of cyto- 
plasmic vesicles is made up of the membrane not distinguishable 
from that of the vesicular components of the Goic1 complex. This 
similarity, as well as the presence of transition forms in the mem- 
branous components of the Goici complex, leads to the speculation 
that the Gotc: complex may be the precursor or the producer of the 
cytoplasmic vesicles in the ectoderm cells. Wetss (1955), Hay (1957), 
and Kurosumi et al. (1958) argued that smooth surfaced vesicles 
might be derived from the micro-particles containing RNA. However 
no pictures speaking for the alleged transformation can be confirmed 
in the present study. The hypothesis appears improbable also from 
the basic difference in the chemical nature of the two components, 
which has been concluded from coordinated electron microscopic and 
biochemical studies of the endoplasmic reticulum (PALApE and 


SIEKEWITZ, 1956). 
In general, there is an abundance of free micro-particles with 
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the average size of 18 my, scattered throughout the cytoplasm of 
ectoderm cells at all developmental stages studied. Very probably 
these particles correspond to small particulate components of PALADE 
(1955), and represents ribonucleoprotein particles (PALADE and SIEKE- 
wiTz, 1956). It has often been stated, by PALApgE (1955) for instance, 
that in various types of tissue cells a good correlation exists be- 
tween cell basophilia and small particulate components with a dia- 
meter of 10 to 20 mz. According to PALApE and SIiEKEewiTz (1956) 
the RNA content was shown to be higher in these small particulate 
components than in any other fraction of the homogenized liver and 
pancreas cells. This conclusion has been confirmed by Tasurro and 
Ocura (1957). It seems thus reasonable to associate the small 
particulate components observed in ectoderm cells with the cyto- 
plasmic ribonucleoprotein. The fact that most of micro-particles are 
found free in the cytoplasm of the ectoderm cell in early stages, 
partly bound to cytoplasmic vesicles in later stages, and mostly 
bound to membranes or vesicles in the cytoplasm in differentiated 
tissue cells, may well be related to Bracuet’s finding (1950, 1952) 
that in developmental stages of the amphibian embryo RNA appears 
in the supernatant, while in adult tissues it is present in the sedi- 
mentable fraction. Such a predominance of free particulate com- 
ponents has been noted in some cell types characterized by rapid 
prolifereation (fibroblasts, Porter, 1955; embryonic cells, PaLape, 
1955, AFzELIus, 1957; tumor cells, BERNHARD, 1958; meristematic cells, 
Lunp et al., 1958), by rapid cell growth (occytes, AFzELius, 1957; 
WISCHNITZER, 1957), or by differentiation (spermatocytes, PALADE, 
1956; embryonic cells, PALapg, 1955). On the other hand, in the 
cells characterized by remarkable secretion and synthesis such as 
acinar cells of the pancreas, plasma cells or parenchymal cells of the 
liver, the rough surfaced type of endoplasmic reticulum is highly 
developed and actually takes up most of the cytoplasmic volume 
(PALADE, 1956). 

The marked increase in the frequency of micro-particles ob- 
served in the cells of the neural area during neurulation, and weaker 
increase in the epidermal cells is in harmony with the earlier data 


on the behavior of RNA during the amphibian development: The 
total amount of RNA in the amphibian embryo begins to rise at the 
onset of gastrulation, and later on increases exponentially (STEINERT, 
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1951). Further, the increase of RNA is more marked in the neural 
plate than in the epidermis according to histochemical observations 
of BracuetT (1941), and quantitative estimation of TaKaTAa (1953). 
The suggestion that RNA or ribonucleoprotein plays an important 
role in the synthetic activities connected with morphogenesis was 
originally put forward by Bracuet (1945). In good conformity with 
the suggestion, appearance of cytoplasmic vesicles as well as of the 
nucleolus (CoLomso, 1949; BRACHET, 1952; KaraAsAKI, 1959) coincides in 
time with the onset of protein synthesis, which is revealed by immu- 
nological technique (Spar, 1953; CiayTon, 1953). The exact cyto- 
chemical role of the cytoplasmic vesicles, micro-particles and nu- 
cleolus await further biochemical and cytochemical analysis. 

The Gotci elements from developing ectoderm cells exhibit most 
of ultrastructural characteristics reported by other investigators 
such as SjOstraANnD and Hanzon (1954), and DaLTon and FELix (1954) 
for the Gotc: complex of adult tissue cells, excluding large vacuoles 
which are lacking in the present material. A similar system of 
lamellae not accompanied by large vacuoles has been described in 
rapidly growing cells, such as oocytes of the sea urchin (AFZELIUus, 
1956), in differentiating cells, such as spermatids of some inverte- 
brates (Beams et al., 1956; Datton and Fetrix, 1956), and embryonic 
chick fibroblasts (Jackson, 1956). A close topographical relation- 
ship and the existence of intermediates between the cytoplasmic 
vesicles and the Goer elements are suggestive of transformation of 
the latter to the former, and passage of vesicles from the GoLci 
zone to the surrounding cytoplasm. Probably in the differentiating 
neural cells the rapidly increasing cytoplasmic vesicles are partly 
produced by the Gotcr complex. CiermonT (1956), studying the 
Go.ci complex of the rat spermatid, suggested a transformation of 
the flat vesicles into spherical vesicles by fragmentation and dilata- 
tion, and also a passage of the spherical vesicles from the Gotc! 
complex to the surrounding cytoplasm. 

The present observation does not support the view that the so- 
called Goici apparatus of the cells of amphibian embryos is a fixa- 
tion artifact of lipochondria (HoLtTrreTer, 1946 a, b), nor does it 
suggest a topographical relationship between the Goici complex and 


lipochondria. 
Numerous authors have followed microscopically the course of 
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utilization of yolk platelets during embryonic development (cited in 
BrRACHET, 1945). According to the most recent paper of Bracc 
(1939), the sign of utilization in yolk platelets of anuran embryo 
becomes detectable only after hatching, though a possibility has not 
been entirely excluded that utilization in a smaller extent might 
occur during the earlier developmental stages. The present obser- 
vation clearly shows that while the inner dense core of the platelets 
remains unchanged up to the early tail-bud stage, the superficial 
granular layer of platelets disappears during the early phase of dif- 
ferentiation. The disappearance of the superficial layer shows a 
regional difference between the presumptive neural tissue and 
epidermis: It occurs in the gastrula stage in the epidermal 
region, and in the neurula stage in the neural region. This finding 
suggests that the superficial layer of the platelets may be utilized 
for the processes of early differentiation, and the utilization is re- 
gionally different. 

The small particles forming the outer layer resemble in ap- 
pearance the cytoplasmic micro-particles or ribonucleoprotein gran- 
ules. Recently Suzuki (unpublished) observed that the periphery of 
yolk platelets are stained distinctly with toluidine blue but are nega- 
tive to FEULGEN reaction. The observation together with often re- 
ported facts that the yolk fraction of amphibian embryos contain an 
appreciable content of RNA (for example PANIJEL, 1951) may suggest 
that the granular layer of the yolk platelets contain RNA. However 
ribonuclease test did not give definite proof for the presence of RNA. 
There are possibilities that particles of the superficial layer of the 
platelets transform into free micro-particles, and that the superficial 
layer is, in turn, derived from the main body of the platelets. How- 
ever, the discussion of these possibilities needs further data and will 
be reserved for later publications. 

The present investigation by electron microscopy and electron 
diffraction have shown that the main body of the yolk platelet con- 
sists of a crystalline lattice. Recently WiscHnitzEr (1957) showed 
that the yolk platelets of the oocyte of Triturus viridescens have the 
same crystalline structure. Thus it is evident that the yolk platelets 
maintain its crystalline structure from the oocyte stage up to the 
tail-bud stage. | 

The regular lattice shown in the very thin section (Fig. 16) 
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indicates close packing of structural elements. Lack of dislocation 
of bands suggests that the structural elements are exactly homo- 
geneous in size and shape. Furthermore the infrequency of distor- 
tion suggests that the composing molecules are very colsely packed. 
A similar situation has been observed in the sections of the poly- 
hydra associated with silkworm and gipsy moth viruses (MorcGAn et 
al., 1955). Recently Exrspers (1957) showed in the egg of Limnea 
stagnalis that the 8-granules, one of the proteid yolk granules, contain 
patch-like crystals with a particle size of about 50 A, which were 
assumed to be grobular protein macromolecules. The size of the 
crystal particle is almost identical with the width of the linear 
bands of the Triturus yolk platelet, which was found to be about 40 
A. However, whereas in the Triturus yolk platelet the crystalline 
lattice is very regular and occupies the whole area of the main 
body, in the Limmnea yolk granules the lattice is relatively irregular 
and limited to a fraction of the granules. 

There have been many reports on weak birefringence of fresh 
or fixed yolk platelets of embryonic cells of various animals (RaDL- 
KOFER, 1859; ScumipTt, 1924; HoLTFRETER, 1946 c; GALLERA and BauD, 
1954). Further, according to HoLTrretTer (1946 c) during the period 
of yolk resorption of the amphibian embryo, the yolk platelets are 
split up into parallel disks and rodlets. A similar phenomenon of 
lamellar cleavage was observed also in vitro when the yolk platelets 
were exposed to weak acid or alkaline solution (HoLTFRETER, 1946 c; 
KARASAKI, 1957 c). In view of these observations, the regular linear 
bands observed in the yolk platelets could be interpreted as suggest- 
ing an oriented organization of the platelets, such as the lamellar 
arrangement of the lipoprotein complex. Recently ANnprt and 
RouIL_er (1957) reported that the vitlline body, located in the mature 
oocyte of the spider, Tegenaria parietina, contains a lamellar zone 
consisting of numerous concentric lamellae each having a thickness 
of 45 A. 

After disappearance of the superficial layer at the late tail-bud 
stage, loose stacks of membranes each measuring 50 A in thickness 
appear around the main body of the platelet. The thickness of mem- 


branes corresponds to the dimension of basic membranes composing 
endoplasmic reticulum or mitochondria. It is not improbable that 
these membranes surrounding the yolk platelets represent an inter- 
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mediate step of formation of cytoplasmic membranes at the expense 
of yolk platelets. 

Recently Betziairs (1958) followed morphological changes which 
take place in the intracellular yolk drops of the chick blastoderm. 
She suggested a conversion of the yolk drops into various com- 
ponents, such as mitochondria, endoplasmic reticulum and PALADE 
granules. The transformation of the yolk drop (type A) to mem- 
branous circular bodies reminds us the appearance of lamellar struc- 
tures during decomposition of yolk platelets of the amphibian em- 
bryo. However her idea about the existence of the structure which 
she calls the “complex yolk drop,” a large vesicle surrounded by 
double membranes containing all the typical forms of cytoplasmic 
granules, and its complex transformation probably needs further 
evidence. In this connection it may be added that also in the present 
study of Triturus cells, a picture closely similar to the BELLArRs’ 
“complex yolk drop” (cf. especially Fig. D, Plate 2 of her cited work) 
has been observed. However, various considerations lead me to in- 
terpret the picture as a section of the cell process stretching into 
the neighbouring cells. | 

Cytoplasmic inclusions which are heavily osmiophilic and are 
more or less irregularly lobed in outline have been described fre- 
quently in electron microscopical studies of various cell types and 
called fat droplets or lipoid inclusions. Apparently lipochondria 
reported in the present paper are of the same nature. The “lipo- 
chondria” of HoLTFrETER (1946 a, b, c) may belong partly to this 
category, and partly to mitochondria or dense bodies above described. 
The wavy appearance of lipochondria is probably an artifact due to 
fixation or subsequent treatment, since the unfixed specimens show 
a more or less spherical outline. Since the lipochondria described 
in this paper are enveloped by a distinct membrane, and contain a 
finely granular or fibrous substance, they apparently differ from the 
lipoid bodies described by others. 

Although the pigment granules are diminished in number in 
neural cells during neurulation, neither transformation into other 


organellae nor decomposition have been noticed. The frequent pre- 
sence of a group of pigment granules on the cell surface suggests 
their intact extrusion from the neural cells. 

In differentiated tissues, the cell membranes are usually appear 
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in sections as thin parallel lines separated by rather constant dis- 
tance of 10 to 20 my. In the early gastrula ectoderm, the intra- 
cellular spaces are common, and a close cellular contact is found only 
over limited areas. This types of cell aggregation may allow a weak 
coherence of cells and of tissue flexibility. The changes in the 
structure of the cell membrane, which accompany the intracellular 
differentiation, is exhibited in the increase of the direct contact area 
of the cell surface. The change endows the ectoderm an architec- 
tural stability, and probably enhances physiological interdependence 
between individual cells. 

No extracellular membrane could be detected in the present 
study, which might represent the surface coat of HoLTFRETER (1943). 
However it appears not altogether unreasonable to suspect that the 
cortical zone of the superficial cells ‘of the ectoderm reported on p. 
258 may actually represent the surface coat itself. If this is the 
case, the coat must be an intracellular structure. 


SUMMARY 


By means of electron microscope, the cytoplasmic structure of 
the ectoderm cells of Triturus pyrrhogaster and its changes during 
the early phase of development, i.e. from the morula to tail-bud 
stage, have been studied. 

In the thin sections through the cytoplasm of these cells the 
following constituents can be distinguished: immature and mature 
mitochondria, cytoplasmic vesicles of various sizes, small and large 
types of Go_cr complex, yolk platelets, two types of lipochondria, 
pigment granules, and cell membrane. 

The presumptive ectoderm cells differ from the tissue cells, into 
which they subsequently differentiate, in the array of cytoplasmic 
components, which exhibit characteristic changes during the studied 
phase of development. Qualitative differences in the mode of struc- 
tural changes are observable between the neural and epidermal area. 

An increase in size and number of mitochondria as well as elabo- 
ration of the internal structure is demonstrated in the course of 
neurulation. During the same phase of development, agranular 
vesicles of the endoplasmic reticulum increase in number, and are 
furnished with micro-particles on their surface. A large quantity 
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of micro-particles are found free and scattered in the cytoplasm in 
the ectoderm cells of all stages. As to the yolk platelets, a signifi- 
cant change is recognized in their superficial layer without detec- 
table alteration in their main parts showing a crystalline lattice, 
during the early phase of neural differentiation. Pigment granules 
decrease in number during differentiation of neural cells. Further, 
an increase in the area of direct contact of the cell membranes of 
two neighbouring cells is evident during the studied phase of deve- 


lopment. 
The above observations have been discussed in relation to the 


data obtained in the field of chemical embryology and submicro- 
scopic cytology. 


LITERATURE 


AFZELIUS, B. A., 1956. Electron microscopy of GOLGI elements in sea urchin 
eggs. Exp. Cell Res., 21, 67-85. 

—~—, 1957. Electron microscopy on the basophilic structures of the sea urchin 
egg. Z. Zellforschung., 45, 660-675. 

ANDRE, J., and C. ROUILLER, 1957. The ultrastructure of the vitelline body in 
the oocyte of the spider Tegenaria parietina. J. Biophys. Biochem. Cytol., 
3, 977-984. 

ATLAS, M., 1938. The rate of oxygen consumption of frogs during embryonic 
development and growth. Physiol. Zool., 11, 278-291. 

BARTH, L. G., 1942. Regional differences in oxygen consumption of the am- 
phibian gastrula. Physiol. Zool., 25, 30-46. 

BEAMS, H. W., T. N. TAHMISIAN, R. L. DEVINE, and E. ANDERSON, 1956. 
Electron microscope studies on the dictyosomes and acroblasts in the male 
germ cells of the cricket. J. Biophys. Biochem. Cytol., 2, Suppl., 123-128. 

BELLAIRS, R., 1958. The conversion of yolk into cytoplasm in the chick 
blastoderm as shown by electron microscopy. J. Embryol. Exp. Morph., 6, 
149-161. 

BERNHARD, W., 1958. Electron microscopy of tumor cells and tumor viruses. 
A review. Canc. Res., 18, 491-509. 

BOELL, E. J., 1942. Biochemical and pre analysis of organizer action. 
Growth, 7, Suppl., 37-53. 

——., 1945. Functional differentiation in embryonic development. II. Respira- 
tion and cytochrome oxidase activity in Amblystoma punctatum. J. Exp. 
Zool., 100, 331-352. 

——, 1946. Succinic dehydrogenase activity during the development of Ambly- 
stoma punctatum. Anat. Rec., 96, Suppl., 91. 

BOELL, E. J., and R. WEBER, 1955. Cytochrome oxidase activity in mito- 
chondria during amphibian development. Exp. Cell Res., 9, 559-567. 

BRACHET, J., 1941. La localization des acides pentose nucléiques dans les tissus 


mote 
| 
| 
| 
| 
vee 
a 
| 
uf 
| 
| 
| 
| 
| 
| 
; 


THE CYTOPLASM OF DEVELOPING ECTODERM CELLS 269 


animaux et les ceufs d’Amphibiens en voie de développement. Arch. Biol., 
58, 207-257. 

——, 1945. Embryologie Chimique. Masson, Paris. 

——, 1950. The localization and the role of ribonucleic acid in the cell. Ann. 
N. Y. Acad. Sci., 50, 861-869. 

——, 1952. The role of the nucleus and cytoplasm in synthesis and morpho- 
genesis. Sym. Soc. Exp. Biol., 6, 173-200. 

BRAGG, A. G., 1939. Observations upon amphibian deutoplasm and its relation 
to embryonic and early larval development. Biol. Bull., 77, 268-284. 

CHILD, C. M., 1948. Patterns of indicator oxidation in Triturus development. 
J. Exp. Zool., 109, 79-108. 

CLAYTON, R. M., 1953. Distribution of antigens in the developing newt embryo. 
J. Embryol. Exp. Morph., J, 25-42. 

CLERMONT, Y., 1956. The GOLGI zone of the rat spermatid and its role in the 
formation of cytoplasmic vesicles. J. Biophys. Biochem. Cytol., 2, Suppl., 
119-122. 

COLOMBO, G., 1949. Altre osservazioni sul comportamento del nucleo durante 
le prime fasi dello sviluppo embryonale degli Anfibi. Rend. Acc. Naz. 
Lincei, S. VIII, 6, 370-373. | 

DALTON, A. J., and M. D. FELIX, 1954. Cytologic and cytochemical charac- 
teristics of GOLGI substance of epithelial cells of the epidermis—#imn situ, 
in homogenates and after isolation. Am. J. Anat., 94, 171-207. 

——, 1956. A comparative study of the GOLGI complex. J. Biophys. Biochem. 
Cytol., 2, Suppl., 79-84. 

EAKIN, R. M., and F. E. LEHMANN, 1957. An electron microscopic study of 
developing amphibian ectoderm. Roux’ Arch., 150, 177-198. 

ELBERS, P. F., 1957. Electron microscopy of protein crystals in ultrathin sec- 
tions of the egg of Limnaea stagnalis. Proc. Kon. Ned. Ak. Wet. C, 60, 96- 
98. 

GALLERA, J., and C. A. BAUD, 1954. Etude ultrastructurale de |l’ectoblaste 
chez l’embryon d’Urodéle normal ou traité par l’urée. J. Embryol. Exp. 
Morph., 2, 106-113. 

HAY, E. D., 1957. Electron microscopic studies of the regenerating amphibian 
limb. Anat. Rec., 727, 305-306. 

HOLTFRETER, J., 1943. Properties and functions of the surface coat in amphibian 
embryos. J. Exp. Zool., 93, 251-323. 

——, 1946 a. Experiments on the formed inclusions of the amphibian egg. I. 
The effect of pH and electrolytes on yolk and lipochondria. J. Exp. Zool., 
101, 355-405. 

——, 1946 b. Experiments on the formed inclusions of the amphibian egg. II. 
Formative effects of hydration and dehydration on lipid bodies. J. Exp. 
Zool., 102, 51-108. 

——, 1946 c. Experiments on the formed inclusions of the amphibian egg. III. 
Observations on microsomes, vacuoles, and on the process of yolk resorp- 


tion. J. Exp. Zool., 203, 81-112. 
JACKSON, S. F., 1956. The morphogenesis of avian tendon. Proc. Roy. Soc., B. 


Py > 
| of > 
4 t ‘ ‘ 
3 
© 
i 


270 SHUICHI KARASAKI 


144, 556-572. 

_ KARASAKI, S., 1957 a. Changes of cell components during embryonic develop- 
ment. Symp. Cell. Chem. (Japan), 6, 77-88 (in Japanese with English 
résumé). 

——, 1957 b. On the fine structure of ectoderm cells during early development 
of newt, Triturus pyrrhogaster. Electron-microscopy (Japan), 6, 93-94 (in 
Japanese ). 

——, 1957 c. On the mechanism of the dorsalization in the ectoderm of Tri- 

_ turus gastrulae caused by precytolytic treatments. I. Cytological and mor- 
phogenetic effects of various injurious agents. Embryologia, 3, 317-334. 
_- ——, 1958. Changes of cell fine structures during the early phase of differentia- 
tion. Jap. J. Exp. Morph, 22, 21-32 (in Japanese). 
——, 1959. Changes in fine structure of the nucleus during early development 
of the ectoderm cells of the Triturus embryo. Embryologia, 4, 273-282. 
KARASAKI, S., and T. KOMODA, 1958. Electron micrographs of a crystalline 
lattice structure in yolk platelets of the amphibian embryo. Nature, J/81J, 

407-408. 

KUFF, E. L., and A. J. DALTON, 1957. Identification of molecular ferritin in 

homogenates and sections of rat liver. J. Ultrastructure Res., 1, 62-73. 

KUROSUMI, K., M. YAMAGISHI, and T. NAGAKAWA, 1958. Electron microscopic 
and cytochemical studies on the cytoplasmic RNA in sea urchin eggs. Oka- 

jimas Folia Anat. Jap., 30, 369-387. 

- LEHMANN, F. E., and H. R. WAHLI, 1954. Histochemische und elektronen- 
| mikroskopische Unterschiede in Cytoplasma der beiden Somatoblasten des 

Tubifexkeimes. Z. Zellforschung., 39, 618-629. 

LUND, H. A., A. E. VATTER, and J. B. HANSON, 1958. Biochemical and cytolo- 
gical changes accompanying growth and differentiation in the roots of 

Zea mays. J. Biophys. Biochem. Cytol., 4, 87-98. 

MORGAN, C., G. H. BERGOLD, D. H. Moore, and H. M. ROSE, 1955. The macro- 
molecular paracrystalline lattice of insect viral polyhydral bodies demon- 

strated in ultrathin sections examined in the electron microscope. J. 

Biophys. Biochem. Cytol., 1, 187-190. 

* OKADA, Y. K., and M. ICHIKAWA, 1947. Tables of developmental stages of 

Triturus pyrrhogaster. Ann. Rep. Exp. Morph. (Tokyo), 3, 1-6. 

PALADE, G. E., 1953. An electron microscope study of the mitochondrial struc- 

ture. J. Histochem. Cytochem., J, 188-211. 

——, 1955. A small particulate component of the cytoplasm. J. Biophys. Bio- 

chem. Cytol., 1, 59-68.’ 

) ——, 1956. The endoplasmic reticulum. J. Biophys. Biochem. Cytol., 2, Suppl., 

85-98. 

| PALADE, G. E., and P. SIEKEWITZ, 1956. Liver microsomes. An integrated 
mor phological study. J. Biophys. Biochem. Cytol., 2, 171-198. 

PANIJEL, J., 1951. M4tabolisme des nucléoprotéines dans la gamétogenése et 
la fécondation. Actualités Scientifiques et Industrielles. Hermann, Paris. 

PORTER, K. R., 1955. Changs in cell fine structure accompanying mitosis. In 


“Symposium on Fine Structure of Cells.” Interscience, New york, 236-250. 


THE CYTOPLASM OF DEVELOPING ECTODERM CELLS 271 


RADLKOFER, L., 1859. Uber Krystalle proteinartiger Kérper pflanzlichen und 
tierischen Ursprungs. Leipzig (cited by HOLTFRETER, 1946 c). 

REBHUN, L. I., 1956. Electron microscopy of basophilic structures of some 
invertebrate oocytes. I. Periodic lamellae and the nuclear envelope. J. 
Biophys. Biochem. Cytol., 2, 93-104. 

REVERBERI, G., 1956. The mitochondrial pattern in the development of Acidian 
egg. Exprientia, 72, 55-56. 

——, 1957 a. Mitochondrial and enzymatic segregation through the embryonic 
development in Ctenophores. Acta Embryol. Morph. Exp., 1, 134-142. 
——, 1957 b. The role of some enzymes in the development of acidians. In 
“The Beginnings of Embryonic Development.” American Association for 

the Advancement of Science, Washington, D. C., 263-290. 

ROUILLER, C., and W. BERNHARD, 1956. “Microbodies’” and the problem of 
mitochondrial regeneration in liver cells. J. Biophys. Biochem. Cytol., 2, 
Suppl., 355-360. 

SCHMIDT, M., 1924. Die Bausteine des Tierkérpers in polarisiertem Licht. F. 
Cohen, Bonn. : 

SIEKEVITZ, P., and M. WATSON, 1956. Cytochemical studies of mitochondria. 
II. Enzymes associated with a mitochondrial membrane fraction. J. Biophys. 
Biochem. Cytol., 2, 653-970. 

SJOSTRAND, F. S., and V. HANZON, 1954. Ultrastructure of GOLGI apparatus 
of exocrine cells of mouse pancreas. Exp. Cell Res., 7, 415-429. 

SPAR, I., 1953. Antigenic differences among early developmental stages of Rana 
pipiens. J. Exp. Zool., 123, 467-497. 

STEINERT, M., 1951. La synthése de l’acide ribonucléic au cours du développe- 
ment embryonnaire des batraciens. Bull. Soc. Chim. Biol., 33, 549-554. 

SWIFT, H., 1956. The fine structure of annulate lamellae. J. Biophys. Biochem. 


Cytol., 2, Suppl., 415-418. 
SZE, L. C., 1953. Respiration of the parts of the Rana pipiens gastrula. Physiol. 


Zool., 26, 212-223. 

TAKATA, K., 1953. Quantitative study on the regional distribution of pentose 
nucleic acid in the gastrula and neurula of Triturus. Biol Bull., 705, 348- 
353. 

TASHIRO, Y., and M. OGURA, 1957. The macromolecular structures of micro- 
somes (endoplasmic reticulum). Symp. Cell. Chem. (Japan), 6, 87-120 (in 
Japanese with English résumé). 

WATSON, M., and P. SIEKEVITZ, 1956. Cytochemical studies of mitochondria. 
I. The separation and identification of a membrane fraction from isolated 
mitochondria. J. Biophys. Biochem. Cytol., 2, 639-652. 

WEBER, R., 1956. Zur Verteilung der Mitochondrien in friihen Entwicklungs- 
stadien von Tubi‘ex. Rev. Suisse Zool., 63, 277-288. 

WEISS, J. M., 1955. The role of the GOLGI complex in fat adsorption as studied 
with the electron microscope with observations on the cytology of duodenal 
absorptive cells. J. Exp. Med., 102, 775-782. ts 

WEISSENFELS, N., 1957. Uber die functionelle Entleerung, den Feinbau und die 
Entwicklung von Tumor-Mitochondrien. Z. Naturforschung., 12 b, 168-172. 


a 

7. 


272 SHUICHI KARASAKI 


WISCHNITZER, S., 1957. The ultrastructure of yolk platelets of amphibian 
oocytes. J. Biophys. Biochem. Cytol., 3, 1040-1042. 
YAMADA, T., and S. KARASAKI, 1958. An electron microscopic study of the 


developing cells of the amphibian embryo. Symp. Cell. Chem. (Japan), 7, 4 
153-158 (in Japanese with English résumé). 


(Manuscript received: 26. Jan., 1959) 


EXPLANATION OF PLATES 


All figures are electron micrographs of thin sections. Abbreviations used 
on plates: 

m: mitochondria, v: cytoplasmic vesicles, mp: micro-particles, g: GOLGI 
complex, y: yolk platelets, 1: lipochondria, p: pigment granules, s: intercellular 
space. 


PLATE 12 


Fig. 1. A small cytoplasmic part of the presumptive ectoderm cell at the 
gastrula stage (St. 12 c). An immature mitochondrion (m) with a 
less dense matrix and ill-defined cristae at the center. Five darker 
“dense bodies” with a single-layered envelope, showing some dark 
spots but no distinct internal membrane. A structure reminiscent 
of cristae may be found in the matrix of some dense bodies. Note 
the GOLGI complex (g) at the upper left. x 30,000. 

Fig. 2. A small cytoplasmic part of the ectoderm cell at the beginning 
gastrula stage (St. 11). Immature mitochondria provided internally 

| with very sparse and short cristae-like membranes. x 30,000. 

Fig. 3. Two mitochondria of a ectoderm cell at the beginning gastrula stage 
(St. 11). The cristae as well as the limiting membrane have a clear 
double structure. The interior matrix is of about the same density 

as the surrounding cytoplasm. Cytoplasmic vesicles (smooth surfaced 
variety of endoplasmic reticulum) (v) and micro-particles are present 
in adjacent cytoplasm. x 30,000. 

Fig. 4. Mitochondria of a presumptive neural cell in the early neurula (St. 16). 
An elongated mitochondrion possibly indicating constriction into 
smaller elements. Note widely spaced cristae. x 30,000. 

Fig. 5. Mitochondria of a presumptive neural cell in the beginning neurula 

_ (St. 15), showing regularly spaced cristae, many of which extend 
across the mitochondria. x 30,000. 

Fig. 6. Mitochondria of a similar cell. One of the mitochondria shows a 
branching. At the lower left a few cytoplasmic vesicles. 30,000. 

Fig. 7. Mitochondria of a neural cell of the spinal cord region from the 
tail-bud embryo (St. 26). Note closely packed double layered internal 
membranes. Compare the density of matrix with those of Fig. 3-6 
x 30,000. 
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Fig. 8. 
Fig. 9. 
Fig. 10. 


Fig. 11. 


PLATE 13 


The contact area of two epidermal cells of a late neurula (St. 19). 
A large number of micro-particles (mp) with a uniform diameter 
(about 20 mz). Note also numerous smaller, very dense particles 
of about 6 my in diameter. x 50,000. 

A part of a cell of the spinal cord region at the tail-bud stage (St. 
26). Large mitochondria (m) with complicated cristae. Cytoplasmic 
vesicles (v) furnished with micro-particles on their external surface. 
Note also some free micro-particles. x 50,000. 

A part of a presumptive neural cell from the middle gastrula (St. 
13), demonstrating two groups of GOLGI complex (small type). This 
type of GOLGI complex distributed at random in the cytoplasm, coun- 
sists Only of lamellae and small vesicles. x 35,000. 

A part of the GOLGI complex (the large type) of the neural plate 
cell from the early neurula (St. 16). Note small and large spheroidal 
vesicles. Similar vesicles are present also in the adjacent cytoplasm. 
This type of GOLGI complex is situated usually in the vicinity of 
the nucleus. x50,000. | 
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Fig. 12. 


Fig. 13. 


Fig. 14. 


Fig. 15. 


PLATE 14 


A part of the yolk platelet in the neural plate cell of an early neurula 
(St. 16). The platelet is limited by a single well defined membrane 
and includes a compact main body (y) surrounded by a layer of dense 
particles. x 60,000. 

A part of yolk platelet in the neural cells at the late neurula stage 
(St. 19). The main body (y) indicates a very regular system of 
parallel lines which is interpreted as a fringe system with 69 A 
periodicity. The superficial layer is composed of dense particles of 
10 my in diametar. These dense particles can be distinguished from 
the free micro-particles of the cytoplasm which are indicated at the 
upper part of the photograph. No limiting membrane is present 
around the yolk platelet, and between the main body and superficial 
layer. »x110,000. 

A yolk platelet of the neural cell of the spinal cord at the tail-bud 
stage (St. 26). The surface of the platelet assumes an appearance 
of concentric laminae, the single lamina measuring 5 to 10 my in 
thickness. x 40,000. | | 

A yolk platelet of the neural plate of the neural cell of an tail-bud 
embryo (St. 29). Many membranes appear often in pairs, and are 
concentrically arranged around the main body of yolk platelets. 
Vesicles of all sizes are also seen in the surrounding cytoplasm. The 
picture indicates a gradual decomposition of the main body of yolk 
platelet. x 40,000. 
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PLATE 15 


Fig. 16 a. A high magnification electron micrograph of the yolk platelet in 
the neural cell of a neurula (St. 19). A system of fringes with 
spacing of 70 A is evident in the main body of yolk platelet. Careful 
observation reveals another system of weak fringes running obliquely 
to the main system. x 240,000. 

Fig. 16 b. The electron diffraction diagram of the yolk platelet. Two pairs 
of spots can be observed. One pair is fairly strong and the other 
very weak. The distance between these spots corresponds to a fringe 
spacing of 72 A in both pairs. The multiple constant (4L=36.2 cm 
A) was cheked with the electron micrograph of the fringe of a-form 
Cu-phtalocianin (fringe-spacing: 12.5 A). 
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PLATE 16 


Fig. 17. A portion or the ectoderm cell at the early gastrula stage (St. 11), 
_ demonstrating type A lipochondria. The central core and the external 
envelope are distinguished. 30,000. 

Fig. 18. A portion of the epidermal cell at the late gastrula stage (St. 14), 
demonstrating type B lipochondria. x 25,000. 

Fig. 19. Pigment granules in the epidermal cell of a late neurula (St. 19). 
Each pigment granule is composed of small dense spherical subunits 
of about 50 mz in diameter. Each subunit shows numerous irregular 
particles having the dimension of 5 to 10 my. x 100,000. 
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Fig. 20. 


Fig. 21. 


PLATE 17 


The ectoderm cells of the epidermal area at the late gastrula stage 
(St. 14). The cell membranes of two adjacent cells running parallel 
to each other and separated by an interspace of ca. 10 to 30 my. 
At the central part large intercellular space (s) is observed. x 20,000. 
The part of a ectoderm cell forming the outer surface of the neural 
area of a late gastrula (St. 14). The cortical cytoplasm with irregular 
papillae containing only micro-particles in the upper half. Below, 
pigment granules (p) and a part of the yolk platelet (y). Note a 
dense layer (arrow) separating the cortical zone from the endo- 
plasmic area. x 30,000. 


> 


$. Karasaki: The Cytoplasm of Developing Ectoderm Cells PLATE 17. 


= 
o 
— 


EMBRYOLOGIA, 4 


* 
> 
& 
» 


EMBRYOLOGIA, Vol. 4, No. 3, pp. 273-282 (March, 1959) 


CHANGES IN FINE STRUCTURE OF THE 
NUCLEUS DURING EARLY DEVELOP- 
MENT OF THE ECTODERM CELLS 
OF THE TRITURUS EMBRYO” 


SHUICHI KARASAKI?? 


Biological Institute, Faculty of Science, Nagoya University, Nagoya, Japan 


INTRODUCTION 


Studies in the fields of cytochemistry and experimental embryo- 
logy have demonstrated the evidence for biochemical or physio- 
logical differentiation of the nucleus, which may imply a leading 
role of the nucleus in the control of cellular differentiation. It is 
now time to ask whether the nuclear differentiation and nucleo- 
cytoplasmic interaction evidenced by these studies are reflected in 
the morphological aspects of the nucleus. In the course of a study 
of the morphological changes of ectoderm cells during early develop- 
ment of the amphibian embryo, electron micrographs were obtained 
in which the details of nuclear organization suggest nuclear differ- 
entiation and nucleo-cytoplasmic interaction. In this paper, fine 
structure of the nucleus of Triturus ectoderm cells during the early 
phase of development observed in thin sections by the electron 
microscope will be described. 


MATERIAL AND METHODS 


The observations reported in this paper have been made on the 
ectoderm cells of Triturus pyrrhogaster in the developmental phase 
extending from the late blastula up to the late tail-bud embryo. 


1) Supported by the Scientific Fund of the Ministry of Education and 
Grant from the Rockefeller Foundation. 

2) I should like to express my indebtedness and appreciation to Prof. 
TUNEO YAMADA for his constant interest in this work, for his numerous 
suggestions and ideas in the interpretation of data. 
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All essential data regarding materials and methods are presented 
in the previous report (KaraAsAKI, 1959) and are therefore omitted here. 


OBSERVATIONS 


From the blastula up to the late gastrula stage, many of the 
presumptive ectodermal cells contain two or three nuclei. Later on 
multi-nucleated cells can hardly be observed. These facts are in 
good agreement with the report of SuHrrAKami (1956 a, b), who 
analysed the double nuclei occurring in the developmental stages 
of Bufo vulgaris. The shape of the nucleus undergoes some changes 
during the studied phase of development. In the blastula and 
beginning gastrula the nucleus is roughly spherical (Fig. 1) and 
frequently shows a few deep indentations, which become most pro- 
nounced during gastrulation, and fade away more or less completely 
in later stages. With the onset of neurulation, the nuclei of cells 
of the neural area become oviod and then elongated, the long axis 
of nuclei parallel to that of the cells (Fig. 2) while the nuclei of 
epidermis cells retain their spherical shape even at the tail-bud 
stage. 

Concurrently with these changes in the shape of the nucleus, 
some alterations take place in fine structure of the nuclear com- 
ponents (Fig. 1-4). Up to the early gastrula stage the content of 
the interphase nucleus has a granular appearance (Fig. 1). The 
smallest unit observable measures approximately 10 to20 mu. They 
are rather unevenly and sparsely distributed throughout the nucleus, 
and appear more concentrated than earlier (Fig. 1-4). This gradual 
condensation of nucleoplasm is accompanied by the decrease of the 
nuclear volume, which occurs progressively during early development. 
At the tail-bud stage the condition of nucleoplasm is closely compa- 
rable with that of the adult tissue cell. | 

Up to the gastrula stage no nucleolus is detected within the 
interphase nucleus. During gastrulation fine particles which are 
somewhat denser than those making up the rest of nucleoplasm, 
begin to aggregate in the interphase nucleus of the presumptive 
neural cells (Fig. 3). Each of these dense particles is approximately 
20 mz in diameter, and is similar in size and density to the micro- 
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particles found in the cytoplasm (cf. KARASAKI, 1959, p. 252). The aggre- 
gation of the dense particles measuring 0.1-1 yu in diameter may be 
assumed as the initial step of the nucleolar formation. As neurulation 
proceeds the area of aggregation increases in size and is readily 
identifiable among nucleoplasm (Fig. 9). In the neural cells of the 
tail-bud embryo, it appears as a convoluted mass of filaments com- 
posed of small dense particles. The diameter of the whole area 
measures 1-3 ». In this stage the structure is closely comparable 
with that of the nucleolus found in the neurone of the larval brain 
of the same species. A similar structure was also described by 
PorTER (1954) for the nucleolus in the myoblast of the Amblystoma 
larva. At the tail-bud stage the neural cells are furnished with the 
nucleolus of a typical structure. No evidence for the presence of a 
limiting membrane surrounding the nucleolus has been found. 

In the early gast , nucleoplasm is surrounded by a nuclear 
envelope (Watson, 1955) made up of two membranes, each about 5 
my in thickness, separated by a light space about 20 my in width. 
This envelope is provided with many pores (Watson, 1955) or per- 


forations measuring 30-60 mz (mean 40 mz) in diameter. Each pore 


is formed where the inner and “the outer membranes are joined 
together. Apparently the pore is furnished with a diaphragm. When 
the nuclear envelope is sectioned tangentially, a ring-shaped structure 
with an outside diameter of about 100 mz is observed surrounding 
each pore. A similar structure was previously described by GALL 
(1954) for the isolated nuclear membrane from the Tviturus oocyte. 
.At earlier stages the outer membrane is not furnished with dense 
particles except at the periphery of pores (Fig. 7). However, as the 
nucleolus is formed within the nucleus, the external surface of the 
outer membrane becomes encrusted with micro-particles. During 
neurulation, the outer membrane is often lifted off from the inner 


one, and assumes an undulatory appearance. Sometimes this 
tendency is exaggerated, and extensive protrusion of the outer 


membrane into the cytoplasm is formed. As the inner membrane 
does not follow the outer one, a wide space is formed between both 
membranes (Fig. 4, Fig. 5, Fig. 6, Fig. 7). This space contains a 


material of rather poor electron scattering power (Fig. 5). Such a 
protrusion of the outer nuclear membrane is either entirely absent 
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or very rare until the late gastrula stage, but becomes frequent 
from the late neurula to the tail-bud embryo. Studies of many 
cells showing such protrusion reveal that the nucleolus is located 
in its proximity (Fig. 4, Fig. 5, Fig. 6). 

Occasionally the nuclear surface invaginates into the mesiiiin, 
engulfing and trapping a portion of cytoplasmic material, which 
often includes mitochondria, lipochondria, yolk platelets, cytoplasmic 
vesicles, pigment granules, and micro-particles. When the inden- 
tation is indicated, the nucleolus is situated as a rule near the 
depression and in some cases, found protruding to the expanded 
interspace between nuclear membranes, which may appear in con- 
nection with the indentation (Fig. 6 a, d). 

Close to the surface of the nucleus and especially around the 
indentation, a large number of mitochondria are observed. Alongside 
the elongated nucleus of the neural cell, the long mitochondria tend 
to line up. Some of them may be in direct contact with the nuclear 
surface. A similar situation is also observed within the above 
stated indentation of the nuclear surface, where many mitochondria 
may be present. 


DISCUSSION 


The role of the nucleus in early phase of the development has 
been discussed from various aspects. Especially a large body of 
evidence suggesting the importance of the nucleus for differentiation 
is being accumulated from the cytochemical observations. The 
experiments of nuclear transfer in amphibian eggs performed by © 
Briccs and Kine (1955) and Kinc and Briccs (1955) clearly show 
that at the beginning of gastrulation some irreversible changes 
are initiated in the nucleus, which may imply regional differentiation 
of nuclei and nucleo-cytoplasmic interaction. Present observation 
clearly demonstrated that also in morphological aspects some changes 
take place in the nucleus at the same developmental stage. 

The observable change of nucleoplasm taking place during 
neurulation is progressive concentration of the chromatin, which 
could be interpreted as a simple effect of the gradual decrease of 
the nuclear volume, assuming constancy of the total mass of nucleo- 
plasm of each nucleus. However, a number of biochemical obser- 
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vations suggests that there occurs at the end of segmentation or at 
the very early stage of gastrulation, a modification in the chemical 
composition and an active synthesis of protein and nucleic acid in 
the nucleus. It is exactly at this stage that the nitroprusside re- 
action becomes positive in the interphase nucleus, and the nucleolus 
makes its appearance (BrAcCHET, 1952). According to observations 
of Horr-JoRGENSEN and ZEUTHEN (1952), and L@vTrup (1955), using 
microbiological methods, DNA synthesis begins in amphibian embryos 
at the end of segmentation and is intensified later. 
The present study indicates that concurrently with the changes 
in the state of nucleoplasm, the nucleolus is gradually formed by 
aggregation of dense particles which are similar in size and density 
to the micro-particles found in the cytoplasm, and probably contain 
ribonucleoprotein. CoLtomso’s cytochemical observation (1949) using 
pyronine-methyl green staining showed that in Rana esculenta the 
nucleolus first appears at the beginning of gastrulation, and that 
before appearance of the nucleolus the colour reaction for RNA is 
detected throughout the nucleus, but the reaction is located in the 
nucleolus later. Some unpublished data of the present writer also 
support the idea that appearance and growth of the nucleolus is 
caused by a confluence of ribonucleoprotein particles which are 
dispersed in nucleoplasm of the interphase nucleus in the earlier 
stages. EsTABLE and SoTeto (1955) are of the opinion that the 
essential material of the nucleolus is the nucleolonema which con- 
sists of filamentous reticulum, and represents the persistent structure 
throughout the cell life. It may be added that according to BERNHARD 
et al. (1955) the nucleolonema is formed by particles of about 20 mz. 
In the present study, before the tail-bud stage in the ectoderm cells 
the nucleolonema is difficult to detect. Instead, the nucleolus ap- 
pears as an irregular aggregate of small granules of 20 mz. During 
the tail-bud stage the aggregate is gradually transformed into a 
number of structures comparable with the nucleolonema. 
CasPERSSON (1950), Bracnet (1952) and others suggested that 
the nucleolus plays an important role in cytoplasmic protein synthesis, 
probably by controling multiplication of ribonucleoprotein granules. 


The quantitative measurements of RNA in amphibian embryos show 
clearly that the synthesis of RNA begins at the onset of gastrulation, 
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and is greatly increased during neurulation (STEINERT, 1951). Ac- 
cording to BracueTt (1941) and TaxaTa (1953), during these phases 
of development RNA synthesis is most pronounced in the neural 
area and less pronounced in the epidermal area. Furthermore, 
evidence from immunological studies (Spar, 1953; Clayton, 1953) 
and isotope experiments (SrrLin, 1955; TENcErR, 1958) suggest that 
at about the same time protein synthesis starts or becomes active. 
The progressive development of the nucleolus seems to be in parallel 
with synthesis of RNA and protein in time and in area. In this 
connection, it should be pointed out that data reported in the other 
paper (KARASAKI, 1959) make probable that the increase of micro- 
particles in the cytoplasm temporally coincides with that of total 
RNA. Thus there is a close temporal correspondence between 
behaviour of the nucleolus in the nucleus and micro-particles in the 
cytoplasm. | 

Perhaps of more interest is the fact that the outer nuclear 
membrane becomes undulatory and occasionally protrudes far into 
the cytoplasm during neurulation. The protrusion of the nuclear 
membrane is considered as swelling of the pre-existing membrane. 
The fact that the phenomenon is topographically associated with 
the nucleolus, and does not occur before the gastrula stage makes 
it improbable that the observed protrusion is a simple artifact. 
Some authors observed similar outpocketing of the nuclear membrane 
in differentiating cells: chick mesenchymal cells (WATANABE, 1957), 
young lymphocytes (Tanaka, 1957), and cartilage cells in the re- 
generating limb (Hay, 1958). It is not unreasonable to speculate 
that the nuclear membrane is an actively functioning structural 
component of the cells in nucleo-cytoplasmic interaction during 
embryonic development. The fact that the nuclear envelope is 


-morphologically similar to the vesicular components of the cytoplasm 


and that a direct connection of the external nuclear membrane 
with the cytoplasmic vesicular components may be demonstrable 
has lead to the suggestion that the outer layer of the nuclear mem- 
brane furnishes material for formation of cytoplasmic membranes 
by way of protrusion. For instance, WATANABE (1957), demonstrating 


the protrusion of nuclear membrane into the cytoplasm in differen- 
tiating mesenchymal cells, proposed the idea that the endoplasmic 
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reticulum may originate from the protruding outer nuclear membrane. 


Literature of light-microscopic studies contains many references 
to the migration of basophilic material from the nucleus to the 
cytoplasm (cf. Witson, 1925). A striking demonstration of this 
process is found in the oocyte of various animals (cf. RAvEN, 1958). 
For example, ANDERSON and Beams (1956) found evidence in nurse 
cells of Rhodonius for migration of masses of granular, basophilic, 
FEULGEN-negative material from the nucleus to the cytoplasm through 
the nuclear pores. In’ the present observation the nucleous has 
often been found in the direct vicinity of or attaching to the inner 
nuclear membrane where the outer membrane is lifted off to produce 
a wide interspace between both membranes. In a few cases even 
extrusion of nucleolar material in this space is suggested. These 
observations are consistent with the suggestion of Bracnet (1945, 
1952, 1957) that in embryonic development RNA is in part formed 
in the nucleus, migrates through the nuclear membrane, and con- 
tributes to the cytoplasmic RNA. 


In the present study the presence of mitochondria in the direct 
proximity of the nucleus was frequently observed. Similar close 
apposition of mitochondria to the nucleus during certain limited 
functional periods has been observed occasionally in living cells, 
and demonstrated strikingly by the cinematographic pictures of 
FREDERIC and CHEVREMONT (1952). Those phenomena suggest 
exchange of substance between the nucleus and mitochondria, 
although the real biochemical meaning of the phenomenon is still 
unknown. 

Results presented here fits in with the notion that developmental 
changes occurring in the cytoplasm proceed under a nuclear control. 
No clear evidence has been produced for an influence coming from 
the cytoplasm to the nucleus. On the other hand, a cytoplasmic 
control of the nucleus is implied by the experiments of Briccs and 
Kinc (1955) and of Moore (1958), which indicate that the nucleus 
_ behaves differently according to the cytoplasm of different develop- 
mental stages or of different species, into which it is transferred. 
These observations taken altogether indicate that dynamic inter- 
actions between nucleus and cytoplasm are essential for development 
of the cell. 
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SUMMARY 


Changes in fine structure of the nucleus in the developing 
ectoderm cells of Triturus embryo have been studied with the 
electron microscope. 

With the progress of development the nticleoplasm increases 
its density, and the nuclear envelope is gradually furnished with 
-micro-particles on the outer surface. The nucleolus makes its first 
appearance at the gastrula stage as a clump of particles similar to 
the cytoplasmic micro-particles, and subsequently develops the 
typical structure of the nucleolus at the tail-bud stage. 

Some morphological evidences suggesting the nucleo-cytoplasmic 
interactions were obtained during the early phase of differentiation: 
Invagination of the nuclear envelope with a subsequent trapping of 
cytoplasmic material; the characteristic protrusion of the outer 
membrane of the nuclear envelope into the cytoplasm; close appo- 
sition of mitochondria to the surface of the nucleus. 

The problems of nuclear differentiation an nucleo-cytoplasmic 
interaction during the embryonic development were discussed from 
the morphological and cytochemical aspects. 
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EXPLANATION OF PLATES 


All figures are electron micrographs. 

Abbreviation used on plates. 

c: cytoplasm, m: mitochondria, v: cytoplasmic vesicles, g: GOLGI complex, 
y: yolk platelets, 1: lipochondria, p: pigment granules, n: nucleoplasm, no: 
nucleolus, nm: nuclear membrane, s: interspace between nuclear membranes. 


PLATE 18 


Fic. 1-4. Low power electron micrographs showing the changes of the 
interphase nucleus during the neural differentiation (each approximately 


x 7,500 ). ‘ 
Fic. 1. A part of the presumptive ectoderm cell at the late blastula 


stage (St. 10). 
Fic. 2. A part of the presumptive neural cell at the late gastrula stage 


(St... 313} 
Fig. 3. A’part of the neural plate cell at the early neurula (St. 16). 


. Fig. 4. A part of the spinal cord cell at the tail-bud stage (St. 29). 
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PLATE 19 


Fig. 5. A part of the cell of the early neural plate (St. 16), showing a 
large protrusion (s) of the external nuclear membrane (nm). Note the typical 
nucleolus (no) near the protruded area. x15,000. 

Fig. 6 A,B. Two serial sections of a part of the nucleus showing a 
nuclear infolding. The spinal cord cell at the tail-bud stage (St. 26). Note 
the close proximity of the nucleolus (no) to the space (s) between external 
and internal nuclear membranes. Yolk platelet (y) and micro-particles can 
be identified within the inclusion of nuclear infolding (c). x 16,000. 
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Fine Structure of the Developing Nucleus 
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PLATE 20 


Fig. 7. A part of the nucleus of a cell from the presumptive neural area 
of the late gastrula (St. 14), showing a deep invagination of the cytoplasm 
(c). The nuclear envelope is seen to consist of two membranes (nm). Pores 
(at arrows) are formed where the inner and outer membrane are joined 
together. Diameter of such pores is ca. 40 my. A dark band, or diaphragm, 
seems to cover the opening of this pore. Note a small protrusion (s) of the 
external membrane. A mitochondrion (m), a lipochondrion (1), cytoplasmic 
vesicles and micro-particles can be identified within the invaginated cytoplasm 
(c). »x50,000. 

Fig. 8. A part of the nucleus of the ectoderm cell from the early gastrula 
(St. 12), showing a deep invagination of the cytoplasm which includes several 
mitochondria. 15,000. 

Fig. 9. The nucleolus of the neural cell at the tail-bud stage (St. 26), 
formed by aggregation of the fine particles which are somewhat denser than 
those making up the rest of nuleoplasm. x 60,000. 
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EMBRYOLOGIA, Vol. 4, No. 4, pp. 283-309 (September, 1959) 


STUDIES ON THE TELOBLASTS 
IN THE DECAPOD EMBRYO 


I. ORIGIN OF TELOBLASTS IN HEPTACARPUS 
RECTIROSTRIS (STIMPSON) 


SHIGEKO OISHI 


Zoological Institute, Faculty of Fisheries, 
Mie Prefectural University, Tsu, Japan 


INTRODUCTION 


In the embryology of malacostracan crustaceans it is an estab- 
lished fact that the development of the body posterior to the primary 
head region is caused by the proliferation of a small number of 
peculiar, large-sized primordial cells or the teloblasts. Both the 
ectoderm and the mesoderm originate from a certain number of 
progeny proliferated from the teloblasts by unequal divisions. 

The Malacostraca will be divided into two types according to the 
disposition of the teloblasts in the subterminal part of the embryo. 
In one type, as represented by Mysidacea (Bercu, 1893; Manton, 
1928; Narr, 1939) and Isopoda (McMurricn, 1895; Nussaum, 1904), 
they are arranged in a transverse row, and the region covered by 
their descendant cells is confined to the ventral side of the body, 
while in the other, as exemplified by Nebaliacea (Manton, 1934) and 
Stomatopoda (Narr, 1941; Sximno, 1942), they form a complete ring 
encircling the thoracico-abdominal segments so as to constitute all 
sides. Decapoda belongs to the latter type. 

All the malacostracan orders possess eight mesoteloblasts. But 
the ectoteloblasts are larger in number, which is variable according 
to the species. So far as the species are concerned whose embry- 
ology is precisely studied, the embryonic region in which the telo- 
blasts take their origin and the larval region derived from their 
descendants are definitely ascertained. In the Decapoda the situation 
is different. Although all of the recent studies (FuLinsxi, 1908, 
Astacus; SoLLaup, 1923, Leander; Krainska, 1936, Eupagurus; Narr, 
1949, Caridina; Aryer, 1949, Palaemon; Suuno, 1950, Panulirus) con- 
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firm the presence of teloblasts, there are certain disagreements among 
authors as to the embryonic area in which they first make their 
appearance. Beside, it has not been definitely settled whether the 
two maxillary segments have teloblastic origin or these are derived 


from some other source. 

The disagreements may be due to lack of observation on the 
teloblasts in the earliest stage. The present study made on Hep- 
tacarpus rectirostris (STIMPSON) was undertaken with a special atten- 
tion to these points and has revealed some interesting facts which 
have not been made clear in any of the previous works. 


The subject was assigned to the author by Prof. S. M. SHIINO of our 
Faculty, who has kindly guided her throughout the entire course of the 
study, for which the author is sincerely grateful. The author’s thanks are 
also due to Dr. M. SUGIYAMA, Director of the Sugashima Marine Biological 
Station, Nagoya University, for his kindness in facilitating the collection of 
a greater part of the material. She is also indebted to Prof. K. NAKAMURA 
in the Zoological Institute, Kyoto University, for permitting her the consul- 
tation of a certain inaccessible part of literature. 


MATERIAL AND METHOD 


About 200 ovigerous females of Heptacarpus rectirostris (STIMPSON) were 
collected in the spring of 1953, at Sugashima, Mie Prefecture. All the eggs 
removed from the abdomen of the shrimp were fixed with alcoholic BOUIN’s 
solution, with its picric acid component dissolved in 70% alcohol instead of 
water. This fixative, introduced by SHIINO into his embryological studies on 
Panulirus, has met with a successful result. The material fixed for 24 hours 
was washed repeatedly with 80% alcohol until the yellow colour of picric 
acid disappeared, and was preserved in fresh alcohol of the same percentage. 
In toto-preparation, the germinal disc stained with Ehrlich’s haematoxylin 
was detached from the yolk with fine'needles in ceder-wood oil and was sealed 
in Canada balsam. In making serial sections, the embryo was transferred 
from absolute alcohol into ceder-wood oil before immersing it in toluol and 
toluol paraffin. The embryo fully soaked with paraffin was oriented in the 
half-melted paraffin cake by the aid of warmed needles under a binocular 
Microscope. Sections were cut in 6-10 » thick. 


GENERAL ACCOUNT 


In the decapod embryology the earliest phase of development is 
usually divided into four stages: the stage of germinal disc for- 
mation and the prenaupliar, naupliar and metanaupliar stages. 
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Stage of germinal disc formation (Fig. 1-1, p. 288). One hemi- 
sphere of the blastula which is at first uniform in the distribution 
of nuclei becomes more crowded with them than the other hemisphere 
and gives rise to the germinal disc representing the ventral side of 
embryonic head. Corresponding to the site of future anus, the 
blastopore invaginates at the hind end of this disc. With the multi- 
plication of blastoderm cells along both sides, the disc is soon con- 
verted into a U-shaped germinal band, at whose anterior end the 
optic lobes make their appearance as paired rudiments. Shortly 
afterwards the mandibular rudiments are formed just in front of 
the blastopore. The closure of the blastopore is effected by the 
condensation of cells which takes place on the anterior and lateral 
sides. Hand in hand with this condensation, the ectoderm on both 
sides of the blastopore becomes elevated to form a pair of tubercles, 
which are the paired primordia of ventral plate. 


Prenaupliar stage (Fig. 2-8, p. 290). The paired primordia of ven- 
tral plate approach each other, but a single row of a few cells is re- 
tained along the mid-ventral line extending from the mandibular 
segment to the anus (blastopore). Shortly afterwards, three pairs 
of naupliar appendages and their ganglia become distinct along the 
two arms of the U-shaded germinal band. 


Naupliar stage. The appendage rudiments elongate outwards, 
and the ganglia become more conspicuous. The stomodaeum in- 
vaginates on the mid-ventral line in the antennular region. The 
fused rudiments of ventral plate begin to rise step by step from the 
surface of the germinal disc, and develop into the thoracico-abdomi- 
nal process. 


Metanaupliar stage (Fig. 6-34, p. 296). With its gradual growth, 
the thoracico-abdominal process becomes folded over the germinal disc 
so as to be directed towards the front, but it does not extend beyond 
the posterior margin of mandibles. In the region between the base 
of the process and the mandibles the two maxillary segments are 
developing. | 

The total number of ectoteloblasts is 19 in Heptacarpus, includ- 
ing an unpaired central teloblast which lies on the mid-ventral line 
(Fig. 6-37). Surrounding the thoracico-abdominal process, they are 
arranged in a complete ring, beneath which eight mesoteloblasts are 
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located (Fig. 6-37~43). Denoting the central ectoteloblast which lo- 
cates on the mid-ventral line with E 0, the ones lying just outside of 
it are named E 1 and those lying on each side of the mid-dorsal line | 
E 9; those interposed between EO and E9 are labelled as E2-E8 
in due order on both sides. Two of the mesoteloblasts just inside 
the ventral ectoderm of the process are symmetrically situated on 
each side of the median line and are called ventral mesoteloblasts, 
M1. Closely adhering to the inner side of the dorsal ectoderm, 
others form a pair of three cells and are called the dorsal meso- 
teloblasts, or M 2-M 4 from the outside inwards. 

In the earliest stage of development, the teloblast abundant in 
cytoplasm possesses vesicular nucleus which is much larger in size 
than that in ordinary blastoderm cells and contains two or three 
chromatin granules. A complete set of teloblasts is not formed at 
once, but they are added one by one as the development proceeds. 
In giving a detailed account on the changes taking place among the 
teloblasts, it is necessary to subdivide the stages more strictly than 
in usual. In the present work, the entire course from the beginning 
of(the differentiation of ectoteloblasts to the completion of their 
ring formation is divided into 14 stages. The stages 1-4 correspond 
to the stage of germinal disc formation, 5-8 to the prenauplius, 9-12 
to the nauplius and 13-14 to the metanauplius. Cell lineage occurring 
in each of the stages are diagrammatically indicated in Table 1 and 
Figure 8 (p. 304). | | 

Before entering into detailed description, it must be emphasized 
that the observation on a given stage has been made on a number 
of embryos from the same batch and no anomaly has been found in 
any case. Since the differentiation of teloblasts takes place sym- 
metrically on both sides, it may be well to consider the events oc- 
curring only on one side. But the multiplication of the correspond- 
ing cells does not necessarily proceed at the same rate in the right 
and left sides. The stage in which a given teloblast undergoes a 
given division may vary with the embryos, but there has been found 
no case where the division-products recorded in Table 1 are altered. 


ECTOTELOBLAST 


The primordia of ventral plate consist of cells rich in cytoplasm 
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Table 1. Differentiation of ectodermal and mesodermal 
Teloblasts in Heptacarpus rectirostris (STIMPSON) 


Germinal disc formation Prenauplius Nauplius Metanauplius 
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Mesoderm 


and with large nuclei. From the beginning of gastrulation onwards, 
these cells continue to enlarge by absorbing yolk spherules, which 
are almost entirely assimilated by the end of the stage 1. Among 
them, there are four pairs of cells fairly larger than others. These 
do not appear to have originated from a single cell, but to have 
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differentiated from the blastoderm cells separately. They are des- 
tined to differentiate into the ectoteloblasts and will be denoted by 


E 1, II, Il and IV (Fig. 1-2). 


Explanation of Abbreviations in Figures 1-6 


an 1: first antenna. an2: second antenna. as: anus. at: region anterior 
to teloblastic row. b: peri-blastoporal area. bp: blastopore. E: ectoteloblast, 
or its mother cell. e: descendant of ectoteloblast. E0: central ectoteloblast. 
E 1-E9: ectoteloblasts 1-9. e01l-e 03: first to third descendants of EO. e1l-el4: 
first to fourth descendants of El. e11’-e 11”: daughter cells ofell. e21-e23: 
first to third descendants of E2. e21’-e 21”: daughter cells of e21. e3l-e33: 
first to third descendants of E3. e31’-e31”: daughter cells of e3l. e41l-e 43: 
first to third descendants of E4. e41’-e 41”: daughter cells of e 41. e5l-e 52: 
first to second descendants of E5. e61-e62: first to second descendants of 
E6. e71-e72: first to second descendants of E7. e81: first descendant of 
E8. enp: endodermal plate. g: ganglion. hm: head mesoderm. M: meso- 
teloblast or its mother cell. M’I: mother cellof M3 and M’I11. M’I1: mother 
cell of M1 and M2. m4: descendant of M4. md: mandible. me: mesendo- 
derm cells. mi: mid-gut. mx1: first maxilla. mx2: second maxilla. o1: 
optic lobe. st: stomodaeum. T0-T6: telson ectoderm cells lying on the an- 
terior margin of blastoporal area. t3-t4: descendants of T3-T4. ub: U- 
shaped band of the germinal disc. x1-x6: cells in the region anterior to the 
teloblastic row. x11l-x12: daughter cells of x1. x 12’-x 12”: daughter cells of 
x12. x2l-x 22: daughter cells of x2. x21”: daughter cell of x21. x 22’-x 22”: 
daughter cells of X22. x31-x32: daughter cells of x3. x41: daughter cell 
of x4. x51: daughter cell of x5. x61: daughter cell of x6. II: mother 
cell of E2 and II 1. II 1: mother cell of E3 and T3. III: mother cell of E5 
and III1. III 1: mother cell of E4 and T4. IV: mother cell of IV1 and T5. 


IV 1: mother cell of E6 and E7. 


Fig. 1. 


1. Embryo in the stage of germinal disc formation. 

2. Paired rudiments of ventral plate with ectoteloblast El and mother 
cells of ectoteloblasts II-IV, stage 1; surface view. Mesoteloblast M4 and 
mother cell of mesoteloblast M’I obliquely striated. x 350. 

3. Same, stage 2; first teloblastic division of E1. 350. 

4. Same; mother cell of mesoteloblast M’I dividing into M’I1 and meso- 
teloblast M3. Other blastoderm cells unrepresented. x 350. 

5. Same, stage 3; unequal division of mother cell II giving rise to E 2 and 
II 1. Mesoteloblasts or their mother cells striated. x 350. 

6. Same, stage 4; division of III into III 1 and E5, mother cell of teloblast 
IV, telson ectoderm cells T 0-T 1 and division of xl. x350. 

7. Same; division of mother cell of mesoteloblast M’l1 into two meso- 


teloblasts Ml and M2. ~x350. 
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It is not appropriate, however, to call all of them “ectoteloblasts” 
in this earliest stage, as they are often so called. Although one 
pair of them, E11, immediately goes into teloblastic division, so as 
to give off small-sized daughter-cells (teloblastic descendants) to- 
wards the front, other three pairs, II, III and IV go through an in- 
tricate series of cell-divisions before differentiating into teloblasts. 
These three pairs may, therefore, be provisionally termed ‘mother 
cells of teloblasts”. 

In the stage 2, the E1 undergoes for the first time an unequal 
division, and sends off the first teloblastic descendant forwards (Fig. 
1-3, E1 and ell). 

The mother cell of teloblast II divides in the stage 3 into two, 
antero-posteriorly disposed cells (Fig. 3 and Fig. 1-5). The anterior 
cell, which comes just outside of E 1, develops into the teloblast E 2. 
The teloblastic nature of the posterior cell (II 1), however, is hardly 
recognizable by this stage, since it is not only smaller in size than 
the E1, E-2, III and IV, but is located in the region from which the 
telson ectoderm arises in a later stage. Nevertheless, the II 1 repre- 
sents the ectoteloblast (E 3) as will be mentioned later. 

The cell III divides antero-posteriorly into two equal cells, III 1 
and E 5 in the stage 4 (Fig. 1-6). At first sight, HI]1 appears as 
if to represent a teloblast, since it is placed between the two large 
vesicular cells E2 and IV. But it brings forth the telson ectoderm 


Fig. 2. 


&. Embryo of prenaupliar stage. 
9. Ventral plate, stage 5, surface view. EO has differentiated, E1 given 


off its second descendant and IV divided into IV1l and T5. x 350. 
10. Same, stage 6; mesoteloblasts M 1-M4 arranged beneath ectoteloblastic 


row. 
11. Same; EO and E2 have given off their first descendants and II11 di- 


vided into E3 and T3. ~x350. 
12. Same; ectoteloblasts, their mother cells and teloblastic descendants. 


x 350. 
13. Same, stage 7; division of III1 and E5. ~x350. 
14. Same; row of 11 ectoteloblasts (E0 and E1-E5 of both sides) and 


four pairs of mesoteloblasts (M1-M4); first descendant of E1 (e11) in mito- 


sis. 
15. Same, stage 8; third descendant budding off from E 1 and second from 


E2. 250. 


a 
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unequal division of mother cell of ectoteloblast II into 
ectoteloblast E 2 and mother cell II1. x 330. 


cell in the future. The cell E5 protrudes forwards from the row 
of vesicular cells. In spite of its unusual location, however, it may 
well be called teloblast, since by succeeding divisions it gives off 
daughter-cells forwards as other teloblasts. 

In the stage 5, on the mid-ventral cellular row, which remains 
between fusing primordia of ventral plate, a cell interposed between 
the first descendants of E11 of both sides begins to enlarge so as 
to differentiate into the central teloblast (Fig. 2-9, 10, EO). It 
originates in this way from one of the ordinary blastoderm cells 


Fig. 4. 


16. Embryo in stage 2; sagittal section of blastoporal region cutting 
through the mid-ventral line. Establishment of mesendodermal cell complex 
beneath the blastopore. x 350. 

17. Same; parasagittal section through M’I1 and M4. x 350. 

18. Same; parasagittal section through El and M3. x 350. 

19. Same; parasagittal section through mother cell of ectoteloblast II. 
x350. 

20. Embryo in stage 6; transverse section of ventral plate cutting through 
M 1 and the descendant of M4. x350. 

21. Same; transverse section through M2 and M3. x350. 

22. Same; parasagittal section through El and Ml. ~x350. 

23. Same; parasagittal section through M2. x 350. 

24. Same; parasagittal section through E 2, M3-M4 and head mesoderm 
band. x 350. 

25. Same; parasagittal section through the region deviated further left- 
wards than in Fig. 4—24; mesoteloblasts and head mesoderm. x 350. 


Fig. 3. Paired rudiments of ventral plate in stage 3; 
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constituting the peri-blastoporal area. The mother cell of teloblast 
IV divides into larger anterior and smaller posterior cells, IV 1 and 
T 5 (Fig. 2-9). The cell IV 1, lying just behind III 1, is in line 
with other teloblasts, whereas T 5 is thrust back into the peri- 
blastoporal area. Of these, the T 5 is entirely different in its ap- 
pearance as well as in its behavior from any other division-products 
of the mother cells of teloblast. As it may be expected from the 
site, T 5 takes part in the formation of telson, the greater part of 
which develops from the peri-blastoporal area bordered in front by 
the teloblastic row. By this stage, E1 sends its second offspring 
forwards (Fig. 2-9, El and e12). 

The mother cell of teloblast II 1 undergoes an unequal division 
in the stage 6, giving off the smaller cell T 3 backwards, which has 
less cytoplasm and contains a nucleus smaller than that of T5 of 
the preceding stage. The original cell II1 is now differentiating 
into the teloblast E3 and becomes inserted between E2 and III 1 
(Fig. 2-11, 12; E3 and T3). Thus the seven teloblasts (E 0 and 
E 1-E 3 of both sides) constitute a continuous semicircular row 
along the anterior border of the peri-blastoporal area (Fig. 2-12). 
By unequal division, EO divides into two daughter-cells arranged 
antero-posteriorly. The larger cell locates between E 1 of both sides 
and behind the smaller one which represents the first teloblastic 


Fig. 5. 


26. Ventral plate, stage 9, surface view. EO has given off second des- 
cendant (e 02), E3 is in karyokinesis and IV 1 has divided intoE6andE7. x 350. 

27. Same; E3 has given off first descendant, and telson ectoderm cells, 
TO and T1, are in karyokineses. x 350. 

28. Same; E1 and E2 have given off their fourth and third descendants 

(e 14 and e23), and T6 budded off from T5. x 350. 

29. Peri-blastoporal area, stage 10. Second descendant is budding off 
from E3 and third one has given off from EO. ~x350. 

380. Same; E4 has given off and E5 is giving off second descendants and 
E6 and E7 first ones. 

81. Telson area, stage 11; division products of telson ectoderm cells T 1- 
T4. x350. 

82. Ectoteloblastic row composed of 15 cells, stage 11; E3 has given off 
its third descendant. 350. 

33. Thoracico-abdominal process, stage 12; completion of division giving 
rise to E7 and E8. x 350. 
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descendant of EO (Fig. 2-11, 12; EO and e0l). The E2 also 
divides unequally to give off its first descendant (Fig. 2-11, E2 and 


e 21). 
The cell III 1 and the teloblast E5 undergo unequal divisions 


synchronically in stage 7, giving off their smaller daughter-cells in 
opposite directions (Fig. 2-13). After sending off its smaller divi- 
sion-product T 4 towards the peri-blastoporal area, II]1 moves to 
the outside of E 3 and by succeeding division it produces descendant 
cell forwards. It may well be regarded as the teloblast (E 4) from 
now on. The division of E 5, which is inserted between E 4 and IV 1, 
belongs to the teloblastic one, the daughter-cell budding off from it 
forwards representing its first descendant. 

In stage 9 the mother cell IV 1 divides equally and in a direction 
tangential to the periphery of peri-anal (peri-blastoporal) area (Fig. 
5-26, E6 and E7). The daughter-cells are in contact with the pos- 
terior side of the semicircular row of teloblasts, with which they 
join as the teloblast E6 and E 7. 

The first descendants bud off from the E6 and E7 in the next 
stage (Fig. 5-30, e61 and e71). The EO produces, at the same 
time, its third descendant and the E 3, E4 and E5 their second ones 
(Fig. 5-29, 30). 

The teloblast E 7, from which the first descendant cell buds off 


Fig. 6. 


384. Embryo of earlier metanaupliar stage. 

35. Peri-anal area, stage 13, surface view; differentiation of E9. E7 and 
E 8 undergoing second and first teloblastic division. “x 350. 

36. Same, stage 14; the first teloblastic division of E9. Ectoteloblastic 
ring near to its completion. x 350. 

37. Same; 19 ectoteloblasts encircling a ring and eight mesoteloblasts in 
a concentric arrangement. x 350. 

38. Parasagittal section of thoracico-abdominal process, stage 14; E 1 and 
M1. x3650. | 

89. Same; cutting through the region further leftwards than show in Fig. 
6—38. 350. 

40. Same; transverse section, showing symmetrical arrangement of vent- 
ral mesoteloblasts. 350. 

41. Same; transverse section, showing E6 and M2. x 350. 

42. Same; transverse section, showing E7 and M3. x 350. 

43. Same; transverse section, showing M4. x 350. 
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in the stage 10, divides almost equally in the stage 12 in a direction 
parallel to the periphery of the anal region, as did in a previous 
stage. The posterior member of daughter-cells gives rise to teloblast 
E 8, which is similar in size to the other constituents of the telo- 
blastic row (Fig. 5-33). The third descendant buds off from E3 in 
the stage 11 and from E4 and E5 in the next stage. 

In stage 13, during which E7 and E8 give off their second and 
first descendants respectively, one of the ordinary peri-anal cells on 
each side begins to enlarge so as to differentiate into another telo- 
blast. This teloblast, E9, is placed at each end of the teloblastic 
row, which is now bent to form an incomplete ring open on the 
posterior side (Fig. 6-35). It is somewhat different from other 
teloblasts in being much smaller in size and is hardly distinguishable 
from other peri-anal cells. It meets with the corresponding member 
of the other side on the mid-dorsal line in the stage 14 and the 
smaller offspring buds off from it backwards, or towards the mor- 
phologically anterior direction (Fig. 6-36, E9). 


MESOTELOBLAST 


During the process of gastrulation some blastoderm cells of the 
peri-blastoporal area submerge under the yolk to form the “mesendo- 
dermal cell complex” (after SuHuNno, 1942 in Squilla, 1950 in Panu- 
lirus), which is corresponding to the “mesendodermal mass” of 
Nebalia (Manton, 1934) and Palaemon (Atyver, 1949) and to the 
“bouchon blastoporique” of Leander (SoLLAup, 1923). 

_ The mesoteloblasts make their first appearance within this cell 
complex in the stage 1 as two pairs of cells, one pair lying in front 
of the anus and the other on its postero-lateral side. Members of 
each pair are arranged symmetrically on both sides of the longitudi- 
nal axis. They are distinguished from the other cells of the complex 
by their larger size. The posterior cells are the mesoteloblast M 4 
(Fig. 1-2, M4). Whereas, from the anterior pair of cells (Fig. 1- 
2, M'l) arise three mesoteloblasts, M 1-M 3, in later stages. There 
is no evidence to indicate that M’I and M4 ‘have arisen from a 
single pair of cells. 

In stage 2 the cell M’I divides into two cells, M3 and M'I1 
(Fig. 1-4). Although M3 is, at first, slightly smaller than M1, 
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it soon begins to enlarge showing an unquestionable nature of telo- 
blast. Within the mesendodermal cell complex the M’I1 lies just 
inside of M3, which is situated in front of the M4 (Fig. 4-17~18). 

The cell M’I1 divides laterally into two in the stage 4, which 
grows into the teloblasts M1 and M2 respectively (Fig. 1-7, M1- 
M2). M2 locates in the postero-lateral side of M1, but in front 
of M3. The differentiation of the total number of mesoteloblasts 
is here accomplished (Fig. 7). 


Fig. 7. Horizontal section 
of peri-blastoporal area show- 
ing mesoteloblasts M1-M4 in 
stage 4. The descendants 
derived from the M3 and M4 
are shown in front of them. 


As in the case of ectoteloblasts, the mesoteloblasts commence 
budding off their descendants forwards beginning from those which 
have differentiated earlier. M3 and M4, therefore, give off their 
first descendants by the stage 4, although M1 and M2 do not show 
mitotic activity by this stage (Fig. 7). Leaving the M1 pair in the 
original site, M2-M4 pairs move backwards, forming a group of 
three closely associated cells on each side (Fig. 2-10, 14). In 
the stage 14, where the ectoteloblasts encircle the thoracico-abdomi- 
nal process as a complete ring, eight mesoteloblasts are arranged 
in a concentric ring inside them (Fig. 6-37). Of these eight, the 
two belonging to M1 closely adjoin each other, situating one on 
each side of the mid-ventral line, whereas the remaining six, form- 
ing paired groups (M 2-M 4), adhere to the dorsal wall of the pro- 
cess (Fig. 6-38~43). 


TELSON ECTODERM 


The cells of telson ectoderm are derived partly from peri-blasto- 
poral cells and partly from some of the mother cells of ectoteloblasts. 
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In the stage 4, on the anterior border of the peri-blastoporal area in 
the central part, three small-sized cells show a transversely linear 
arrangement (Fig. 1-6). Although their origin is not distinctly 
known, they will give rise to the constituents of the telson ectoderm; 
the central member of them is denoted by T 0 and the lateral ones 
by T1 (Fig. 1-6, T0-T 1). 

About the stage 7, another row of three cells, T 3-T 5, becomes 
apparent near lateral parts of the semicircular teloblastic row (Fig. 
2-13). The paired rows of three cells which are interrupted from 
the central row (T0-T1) by a small cluster of irregularly arranged 
cells closely adhere to the posterior side of the teloblastic row. As 
mentioned before, T 3-T 5 have been derived from the mother cells 
of ectoteloblast, from which they are much smaller in size. 

By the stage 9, T5 divides equally into daughter-cells, T5 and 
T 6 (Fig. 5-28), both of which are still in contact with the telo- 
blastic row. T1 divides also equally into T 1 and T 2 (Fig. 5-27). 
With the appearance of T 2 and T 6, the three short separate rows 
of cells become continuous with one another, thrusting the inserted 
cell-clusters towards the peri-blastoporal area, or towards the deeper 
layer of the same area (Fig. 5-28~29). 

The cells expected to be the telson ectoderm, which have in- 
creased in to 13 in number, are in contact with the semicircular 
row of ectoteloblasts. From this stage onwards, they multiply by 
active divisions with spindles directed radially to the anus (Fig. 
5-31). The growth of the telson ectoderm is thus effected not only 
by the multiplication of peri-blastoporal blastoderm cells, but, also 
by the proliferation of cells from those 13 cells. 


MAXILLARY SEGMENTS 


Growth of the region between the mandibles and the area oc- 
cupied by the teloblastic descendants is attributable to the multiplica- 
tion of ordinary blastoderm cells which have remained there from 
the earliest stage of germinal disc formation. When E1 and II-IV 
are differentiating, some cells resembling ectoteloblasts in size and 
appearance are found intermingled with other ordinary cells in the 
region just behind the mandibular rudiments of both sides (Fig. 
1-2). | 
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For instance, the cell labelled x1 in Nos. 3 and 5 (Fig. 1) 
closely resembles the teloblast in its appearance, but is entirely 
different in its behavior. Just in front of E2 and III 1, it undergoes 
equal division along the periphery of the peri-anal area (Fig. 1-6). 
In its neighbourhood there are many other similar, actively dividing 
cells which do not appear to belong to the teloblastic descendants. 
The division of them takes place transversely or longitudinally 
during the stages from 4 to 8, as shown in Nos. 6 (Fig. 1), 9, 11, 
13, 15 (Fig. 2), x1-x6 (two sister cells arising from the mother 
cell are combined by arrow). 

Throughout the period in which the differentiation of ectotelo- 
blasts and the multiplication of their descendants are proceding, 
the region in front of them grows broader and broader by repeated 
divison of constituent cells, which become smaller and smaller in 
size and more or less regularly arranged in longitudinal rows similar 
to those of teloblastic descendants (Fig. 5-26, 28, 30). The region 
now in question occupies the posteriormost of the germinal disc, 
to which the ventral surface of the basal part of the forwardly 
extending thoracico-abdominal process is faced. The regular ar- 
rangement of cells strongly recalls the commencement of the for- 
mation of ganglia of the two maxillary segments. 

Turning to the mesodermal constituent of those segments, we 
must again go back to an earlier stage of the mesendodermal cell 
complex of the stage 2. One can find a certain number of cells 
which appear, with all likelihood, to have submerged from the sur- 
face layer in front of the ectoteloblasts (Fig. 4-16~19). Most of 
them move further forwards and give rise to the head mesoderm. 
A few, however, wander deep into the yolk or disintegrate. Since 
the mesoteloblasts do not migrate out of the mesendodermal cell 
complex, the inner layer of the region just anterior to the teloblasts 
is occupied by the cells submerged from the overlying layer. Sub- 
mergence of cells continues up to the earlier prenaupliar stage, dur- 
ing which the paired rudiments of ventral plate draw nearer towards 
each other. 


It has been stated before that a short median row of cells be- 


comes apparent on the surface layer in this stage (Fig. 1-5~6 and 
Fig.-2-9). Some of the cells on both sides of this row sink from 
the peri-blastoporal ectoderm. They may probably participate in 
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the formation of head mesoderm, though none of them takes part 
in the differentiation of mesoteloblasts. From the time of gastrula- 
tion up to the earlier prenauplius, the migration of cells towards 
the interior continues within the peri-blastoporal area. Nos. 22~25 
(Fig. 4) are taken from the consecutive section through the mandible 
and ventral plate of the stage 6. One can find four mesoteloblasts 
beneath the ventral plate and a part of the mesoderm band beneath 
the post-mandibular ectoderm. This is the aforesaid mesoderm, the 
most part of which has been derived from the overlying ectoderm. 
By scrutinizing those sections, one may perceive that the mesoderm 
of the maxillary segments is non-teloblastic as in the case of the 
ectoderm. 


CONSIDERATION 


Even at dawn of the decapod embryology, the attention of 
practically every author was attracted to the fact that the develop- 
ment of the posterior segments of the body ought to be attributed 
to the activity of the proliferating zone present in the subterminal 
part of the thoracico-abdominal process (Brooxs and Herrick, 1892; 
KINGSLEY, 1889; WELDON, 1892; UrBANowicz, 1893; “Knospungszone” 
of REICHENBACH, 1886). FuLinsk1 (1908) was the first who illus- 
trated this zone with the designation of teloblasts. Subsequent 
to him, for the teloblasts in Panulirus, Terao (1929) made a unique 
expression, the “posterior budding zone’, ascribing the origin of 
the two maxillary segments to his “anterior budding zone”. All 
of the recent authors (SoLLaup, 1923; Narr, 1949; Arver, 1949; SuHIINo, 
1950), however, called the proliferating zone as teloblasts. The 
study on Heptacarpus provides another proof for the presence of 
teloblasts. 

The numbers of ectoteloblasts found in the Macrura studied by 
the recent authors are rather variable. In Leander (SoLLaup, 1923) 
they are 20 to 22, in Caridina (Nair, 1949) and Palaemon (AryEr, 
1949) 21, in Panulirus (Suuno, 1950) 18 and in Heptacarpus 19. In 
case they are found in an odd number, they include the central 
member. In the malacostracans excluding Decapoda (Isopoda, Mc- 
Murricu 1895; Mysidacea, Bercy 1893, Manton 1928, Narr 1939; 
Nebaliacea, Manton 1934; Stomatopoda, Narr 1941, SHimno 1942) the 
central member is always found. Absence of this member in Leander 
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and Panulirus may be due to difficulties in distinguishing it from 
the other ordinary cells of the peri-blastoporal area in surface view. 

Despite the statement of the authors made on these forms, the cen- 
tral teloblast may universally occur also in the Decapoda as in other 
malacostracans. 

As in Panulirus (Suitno, 1950), Astacus (Fu Linsx1, 1908) and 
others, Heptacarpus has four pairs of mesoteloblasts. Atver’s Fig. 
55, Pl. 10, showing the arrangement of the mesoderm, appear to 
indicate the presence of descendants derived from eight mesotelo- 
blasts in Palaemon. In Caridina the number of teloblasts is said to 
be ten or twelve (Narr, 1949). But judging from his Fig. 65, which 
shows a transverse section of the subterminal part of caudal papilla, 
it is likely that we have the same condition as in Palaemon. It may 
be well to assume that the Macrura is in agreement with the Pera- 
carida, Nebaliacea and Stomatopoda in the possession of four pairs 
of mesoteloblasts. 

The number of ectoteloblasts and the stage in which they dif- 
ferentiate are, at first sight, differ according to the species, and in 
some cases these are not decidedly known. Details of the process 
with which their total number is attained have been studied in none 
of the malacostracans with ring-forming teloblasts (Nebaliacea, 
Stomatopoda and Decapoda). In Heptacarpus, not all of fhe teloblasts 
originate from the ordinary blastoderm cells, but some of them arise 
from the so-called mother cells which closely resemble teloblasts 
in appearance, but must go through divisions before entering into 
teloblastic activities. 

_ The ectoteloblasts originating from the peri-blastoporal cells are 
confined to E0, El and E9, the remaining seven pairs, E2-E8, being 
the derivatives of three pairs of mother cells, I], Wl and IV (Fig. 8 
and Table 1). \ 

In Caridina (Natr, 1949) and Palaemon (AryEeR, 1949) the ecto- 
teloblasts make their first appearance in two irregular groups of three 
to six large-sized cells. What is illustrated in Narr’s Fig. 28 closely 
resembles the division of the teloblast E1 in the stage 2 of Hepta- 
carpus. The teloblasts shown in AryeEr’s Fig. 20 appear to correspond 
to those in the stage 1 of Heptacarpus. The cells which are called 
teloblasts by these authors are believed to include mother cells too. 
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Fig. 8. Diagrammatic representation of the differentiation of 
teloblasts. One arrow combining cells indicates the direction of the 
mitotic spindle in the first division of teloblast and two parallel ar- 
rows that of the second division. 


In Panulirus (Suuno, 1950), thirteen of the ectoteloblasts make 
their first appearance along the anterior margin of the ventral plate. 
The cells with enlarged nuclei and abundant cytoplasm, which com- 
pose the paired rudiments of ventral plate in an earlier stage, remind 
us of the mother cells of teloblasts in the stage 1 of Heptacarpus. 
Certain cells found -vithin the superficial layer of the “disque ger- 
minatif” in Leander (So_Laup, 1923) also appear to correspond to 
the groups of teloblasts and their mother cells. There may be no 
fundamental difference in the mode of teloblastic differentiation 
between Heptacarpus and the other Macrura as far as the réle of 
mother cells is concerned. 

Squilla (Nair, 1941; SHNo, 1942) and Nebalia (Manton, 1934) 
closely resemble Heptacarpus in that the teloblasts form irregular 
groups of three or four cells on each side of the blastopore before 
forming the ring. In both of these crustaceans (MANTON and Nair) 
the teloblasts are said to be increased in number by the modific- 
ation of ordinary peri-blastoporal cells alone, but not by the division 


eo) 
4s 
My 
(MI 
/ 
IV } 
4 “4 IVI: 
£9) 
: 
| 
| 


TELOBLASTS OF THE DECAPOD EMBRYO 305 


of the preexisting ones. It is noteworthy that in Squilla (Suuno, 
1942) the increase in their number is brought about by means of 
the latter process as in Heptacarpus. 


Despite irregular arrangement in their first appearance, the 


teloblasts form a complete ring in later stages. As the results of 
series of divisions undergone by the mother cells of teloblasts, 
teloblasts may be able to arrange in a complete ring. Whena 


mother cell standing outside the teloblastic row undergoes a mitosis 
with spindle perpendicular to the row, one of the resulting daughter- 


cells pushes in it, or at least draws nearer to it. The divisions with 
which the mother cells II-IV produce three cells of telson ectoderm, 
T 3-T 5, may also lead to the same result. When the mother cell 
locating at the lateral end of the curved row divides into two 
parallel to the peri-blastoporal area, the posterior daughter-cell may 
come to lie more posteriorly than before. Together with the in- 
crease of cells composing the row, the dislocation of them may cause 
two ends of the row to bend step by step backwards and inwards 
until these meet each other on the mid-dorsal line. Intricacy in the 
process of the divisions during differentiation of teloblasts appear 
to be necessary for the ring formation. In the Malacostraca with 
the teloblastic ring, something resembling what is found in Hep- 
tacarpus may, with all probabilities, also occur. 

In the Isopoda all the teloblasts (11-12 on each side) make their 
appearance on the blastoporal area‘in a pair of ill-defined trans- 
verse rows, which later unite with each other. In Mysidacea 
(Hemimysis, 15, MANTON, 1928; Mesopodopsis 14-16, Nair, 1939) all 
of the teloblasts differentiate simultaneously on each side of blasto- 
pore by modification of ordinary blastoderm cells as paired rows 
which are later connected together. Because of the linear arrange- 
ment of all members from the very first, the complicated series of 
cell-divisions as observed in Heptacarpus are unnecessary for those 
orders. In Mysis (Bercu, 1893), although 17-19 ectoteloblasts are 
formed in all, no more than 9-13 of them are observed in the earlier 
stages. No evidence has been brought forwards as to whether the 
increase in number owes to the divisions of preexisting cells, or to 
a delayed modification of ordinary cells. 

Nebalia (MaNntToN, 1934), Panulirus (Suuno, 1950), and Hepta- 
carpus have in common the differentiation of all four pairs of meso- 
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teloblasts within the mesendodermal cell complex. In Heptacarpus, 
in which they make their first appearance in two pairs, M4 and 
M’I, the total number is produced by two successive divisions of 
M'l, (Fig. 8). Two pairs of mesoteloblasts found in the prenaupliar 
stage of Panulirus (SuHuno, 1950) are said to be increased into four 
pairs probably by a single division of each pair, though the mitotic 
figure has not been demonstrated. In all these decapods two pairs 
of cells give rise to four pairs by their division, but the origin of 
each pair is different in different groups. 

AIyvEeR (1949) in Palaemon and Manton (1934) in Nebalia mention 
of the mesoteloblasts as differentiating shortly after the appearance 
of ectoteloblasts and in four pairs from the very begining. It seems 
to the present author, however, that the observation on the earliest 
stage of their differentiation is lacking in those cases, and that the 
mesoteloblasts may increase their number by the division of the 
preexisting ones also in those forms. Thus it may be said that such 
a state of things as observed in Heptacarpus and Panulirus may 
probably represent a universal occurrence in all the malacostracans 


with four pairs of mestoteloblasts differentiating in the mesendo- 
dermal cell complex. 


In the decapod embryos, the descendants of teloblasts appearing 
earlier than others begin to multiply prior to the appearance of all 
the teloblasts. The ventral plate developing into the process is 
folded over the germinal disc and prevents the scrutiny of teloblasts, 
the differentiation of which is, at present, proceeding. Furthermore, 
in some cases even the differentiation itself is morphologically ob- 


scure. On account of the situation, there are two different views 
concerning the regions which the teloblasts form. 


SOLLAUD (1923) says of the teloblasts as to constitute the post- 
maxillary segments, the maxillary region having a separate origin. 
On the other hand, Krainsxa (1936), Narr (1949), Arver (1949) and 
SHINO (1950) are in agreement with one another as to the teloblastic 
derivation of all the post-mandibular segments. According to the 
last of these authors, the multiplication of teloblasts commences at 
the time when the development of thoracico-abdominal fold begins 
in the region between the mandibles and peri-blastoporal area. This 
agrees with the observation made on the other malacostracans by 
MANTON (Hemimysis, 1928; Nebalia, 1934), Natr (Mesopodopsis, 1939; 
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Squilla, 1941), McMurricu (Isopoda, 1895) and (Squzlla, 1942). 

Since in Heptacarpus the teloblastic descendants do not extend 
so far forwards as the mandibular region in the egg-nauplius, the 
author is inclined to agree with SoL_Laup’s view. The ectodermal 
cells of the maxillary region showing an irregular arrangement in 
the earlier stages come to form, with the growth, a regular array 
similar to the teloblastic descendants, for which they are liable to 
be mistaken. Although Sortitaup overlooks the earlier stages of 
differentiation, he describes the large cells which are found on the 
“disque germinatif” behined the mandibles and have a certain rela- 
tion to the formation of the first and second maxillar. In his figure 
(SoLLAuD, p. 132 and Pl. Il, Figs. 9 a-b, 10 and 11 b) those large 
cells appear to be divisible into the anterior group lying just behind 
the mandibles and the posterior one found on both sides of the 
blastopore. The posterior group may correspond to the first appear- 
ing ectoteloblasts, but the anterior group may not be of the telo- 
blastic nature. Such a condition is in parallel with what is found 
in the present material. Although SoL.LaAup is erroneous in interpret- 
ing the nature of cell groups, his view that the maxillary segments 
are non-teloblastic may be correct. So far as the Decapoda is con- 
cerned, the view of the authors other than SoLttaup is considered 


unconvincing from the ground that their observation on the earlier 
phase of the teloblastic activity is insufficient. 


Terao’s (1929) consideration on Panulirus agrees with SoLLaup’s 
in attributing the origin of two maxillary segments to the “anterior 
budding zone” of the egg-nauplius. Since the zone is not traced 
back by himself to an earlier embryo, his opinion about two-fold 
origin of the metanaupliar region is not based on the sound ground. 

As pointed out before, three pairs of cells, T 3-T 5, found in the 
ectoderm of the telson rudiment are derived from mother cells of 
ectoteloblasts II-IV. They divide at least once again, when the telo- 
blastic ring is formed, and to them are added the derivatives of 
some other cells lying on the anterior margin of the telson ectoderm. 
This strongly suggests that the development of the telson should 
not be considered separately from the differentiation of teloblasts. 
A similar derivation of a part of the telson ectoderm from the telo- 


blasts may probably be a universal occurrence in the Malacostraca, 
in which the teloblasts form a ring. 
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SUMMARY 


1) Differentiation of ecto- and mesoteloblasts in Heptacarpus 
vectirostris (STIMPSON) was traced from the stage of the germinal 
disc up to its completion. 

2) In the earliest phase, the ectoteloblasts are represented by a 
pair of rows, each consisting of four cells which are derived from 
the peri-blastoporal blastoderm cells and are characterized by their 
large size and by the possession of a vesicular nucleus. 

3) The innermost of four cells (E 1) immediately enters into the 
teloblastic division, whereas others go through a series of mitoses 
by which other teloblasts, or other cells are formed. The cell next 
to the innermost gives rise to two teloblasts (E2, E3), and comes 
to the outside of E1; the third cell gives off another two (E4, E5) 
which border the outside of E3, and the outermost produces three 
(E 6-E 8), all connected with the side of others. The central teloblast 
(E0) and the ninth one (E9) differentiate independently of others, 
but appear amongst the peri-blastoporal cells. 

4) In the final condition, the ectoteloblasts encircle the thoracico- 
abdominal process as a complete ring composed of 19 cells. 

5) The mesoteloblasts differentiate in the mesendodermal cell 
complex as two pairs of cells; one pair representing M 4 teloblasts 
and other the mother cells of three teloblasts (M1-M 3). 

6) Two of them (M1): are located. closely to each other, one 
lying on each side of the mid-ventral line of thoracico-abdominal 
process and the other six form paired groups of three cells arranged 
side by side on the dorsal side of the process (M2-M4 from out- 
side-inwards). 

7) Two maxillary segments are non-teloblastic in origin. 

8) A part of the telson ectoderm is derived from three small 
cells given off from the mother cells of ectoteloblasts. 
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PHYSICO-CHEMICAL CHARACTERIZATION AND 
COMPARISON OF PENTOSE NUCLEOPROTEINS 
HAVING SPECIFIC MORPHOGENETIC EFFECTS” 


KENZO TAKATA 


Biological Institute, Faculty of Science, Nagoya University, Nagoya, Japan 


INTRODUCTION 


To throw light upon the mechanism of embryonic induction the 
morphogenetic effects of the living organizer, adult tissues, tissue 
fractions and pure chemicals on the amphibian gastrulae have been 
repeatedly studied. For embryological evaluation of the data, it is 
essential to distinguish regional types of the structures obtained in 
these induction experiments. Further, the possible interference with 
the regional effect of the inductor by its locality within the host 
embryo, which obscures the specific effect of the inductor, should 
be taken into account. If we review the above induction experi- 
ments, keeping these points in mind, it is clear that pure chemicals 
hitherto tested induce either archencephalic or non-regional struc- 
tures, and that other regional structures have been obtained only by 
living embryonic areas, differentiated tissues, tissue extracts, and 
more or less purified cell fractions containing proteins and nucleic 
acids. 

Since Bracnet (1943) found in several inductors a close correla- 
tion between the inductive ability and the amount of pentose nucleic 


acid (PNA), a number of investigations have been reported which 


seem to indicate a role of PNA in embryonic induction. Kuusi | 
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(1951) suggested from her experiments using the liver and its frac- 
tions that PNA-rich components might play a role in archencephalic 
induction. Niu and Twitty (1953) reported that the embryonic cells 
cultured in vitro were induced to form neural cells by a substance 
which diffused out from the organizer cells. According to a later 
report (Niu, 1956), the substance appears to be pentose nucleoprotein 
(PNP). Studying the factor responsible for spino-caudal induction 
by the guinea pig kidney, YAmMapA and Takata (1955a) obtained 
the regional induction with 0.14 m NaCl-extract from the tissue, or 
with its acid-precipitate; both of which are characterized by a con- 
siderable amount of PNA. Also “the small microsome fraction” of 
the kidney containing the highest amount of PNA showed'the highest 
frequency of tissue-specific regional induction among the cytoplasmic 
fractions of the tissue, separated by differential centrifugation 
(YAMADA, TAKATA and Osawa, unpub., cf. Yamapa, 1958). These 
findings, together with the generally accepted idea of protein syn- 
thesis, in which importance of PNP is emphasized, led us to inves- 
tigate the regional inductive effects of PNP from differentiated tis- 
sues. First, an attempt to purify the PNP fraction of guinea pig 
kidney was made by the ordinary procedure involving acid-precipita- 
tion. However, the lower PNA content of the obtained sample (31.7 
PNA-P yug./mg. Protein-N) suggested a large amount of contaminants 
(YamapDA and Takata, 1955a). A method which allows a better 
isolation of nucleoprotein without a drastic effect on protein was 
needed. | 

CoHEN (1947) reported that streptomycin could precipitate nucleic 
acids, forming a reversibly dissociable complex. Kutsky (1953), 
Kutsxy et al. (1956), and Harris and Kutsxy (1958) obtained the 
PNP fraction with a growth-promoting effect from the chick embryo 
and its tissues by the method involving extraction with a buffer 
followed by precipitation with streptomycin. Using the same pre- 
cipitation method, CoHEn et al. (1954) separated a PNP fraction from 
the microsomes of rat sarcoma, containing 26% PNA and possessing 
a specific nerve growth-promoting activity. | 

The technique using streptomycin sulfate was successfully 
adopted with some modifications to isolate PNP from 0.14 m NaCl 


extract of guinea pig kidney and liver, which contains a large 
quantity of PNA but is free from deoxypentose nucleic acid (DNA). 
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The procedure did not cause a considerable shift of the regional 
effect of the sample. The procedure, the outline of which was re- 
ported in the preceding papers (YamMapDA and TakaTA, 1956; Hayasui, 
1956), will be described in detail in this communication. The results 
of the induction experiments using the isolated ectoderm of the early 
gastrula of Tviturus pyrrhogaster (YAMADA and TaKAaTA, 1956; 
HayAsuHl, 1956; Hayasui and TaxaTAa, 1958) have shown that the 
nucleoprotein samples thus obtained have morphogenetic effects 
which are different according to the source tissue: liver PNP in- 
duced archencephalic or deuterencephalic structures, and kidney 
PNP spino-caudal or deuterencephalic structures in the ectoderm 
cultured in vitro. According to oral communications”, KAWAKAMI 
and his collaborators also succeeded in obtaining specific regional 
inductive effects with the nucleoprotein fractions of guinea pig 
kidney and liver isolated by acid- or streptomycin-precipitation 
method. Recently, TrepEMANN and TIEDEMANN (1958) confirmed 
deuterencephalic effects of a nucleoprotein sample precipitated with 
streptomycin from the chick embryo extract. Using the PNP of 
calf thymus, Niu (1958) obtained neural, mesodermal and probably 
endodermal inductions in hanging-drop preparations. In the present 
paper an attempt was made to study physical and chemical pro- 
perties of the PNP samples, aiming at an access to the physico- 
chemical basis of regional induction. For this purpose electro- 
phoresis, ultracentrifugation, viscosity measurement, flow birefrin- 
gence measurement, light scattering, and determination of sulfhydryl 
group and amino acids were carried out. 


MATERIALS AND METHODS 


Adult guinea pigs, each weighing 500-600 g., were used as the 
donor of tissues. From the freshly sacrificed animals, the liver and 
kidney were quickly excised and chilled in an ice bath. In most of 
the experiments the fresh tissues were used, which were sometimes 
substituted by tissues frozen and preserved at —20° C. No noticiable 
change in the experimental results was introduced by the latter 


3) At the 26th and the 27th Annual Meeting (1955, 1956) of the Zoological 
Society of Japan. 
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procedure. The tissues were freed from connective tissues and fat, 
minced with scissors, and homogenized for 1-2 minutes in a glass 
homogenizer. In the large scale preparation, the tissues were 
blended in the Waring Blender. Centrifugation was performed 
either with an International refrigerated centrifuge model PR-1, or 
with a Servall centrifuge model SS-1 in the cold room. All pro- 
cedures were performed in the cold. 


Isolation procedure. The general scheme of isolation of PNP is 
given in Table 1. The homogenate was stirred under ice-cooling 
for 1 hour and centrifuged at 18,000 r.p.m. for 30 minutes. In isolat- 
ing the supernatant, special care was taken to avoid the contamina- 
tion from the turbid layer formed above the compact sediment. 


Table 1. Scheme for isolation of pentose nucleoprotein 
Guinea pig kidney or liver 
minced with scissors 
homogenized in 2 ae of 0.14 M NaCl 
stirred for 1 hr. _ 
centrifuged at 18.000 r.p.m. for 30 min. 


| | 
Supernatant Residue discarded 


1/10 vol. of M/5 streptomycin added 
allowed to stand for 2 hrs. 


| 
centrifuged at es r.p.m. for 20 min. 


Supernatant discarded Precipitate 
: dispersed in 0.14 M NaCl containing 1/50 M streptomycin 
centrifuged at 15,000 r.p.m. for 20 min. 
repeated 4 times as above 
dispersed in 0.3 M NaCl scat with borate (pH 7.5) 
dialyzed against 0.3 M NaCl steal with borate (pH 7.5) 
centrifuged at 1500 r.p.m. for 20 min. 
Supernatant 


for analyses 
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The pH of the extract thus obtained was approximately 6.9. To 
this rather clear supernatant was added m/5 streptomycin sulfate 
to give a final concentration of m/50 with regard to streptomycin 
sulfate. The mixture was allowed to stand for 2 hours without any 
agitation in an ice bath. The white precipitate developed meanwhile 
was gathered by centrifuging at 15,000 r.p.m. for 20 minutes. After 
decanting the reddish supernatant, the precipitated streptomycin- 
nucleoprotein complex was dispersed in mM/50 streptomycin sulfate 
in 0.14 m NaCl, homogenized gently, and centrifuged at 15,000 r.p.m. 
for 20 minutes. This redispersing procedure was repeated at least 
4 times with an excess volume of the same medium. The pre- 
cipitate thus washed thoroughly was finally dispersed in a small 
quantity of 0.3 m NaCl adjusted to pH 7.5 by the borate buffer and 
gently homogenized. The resultant suspension was dialyzed in a 
cellophane tube against 2 liters of the same solution under ice- 
cooling in the cold room. To remove streptomycin thoroughly in 
the course of dialysis, the dialyzing tube was rotated and the 
medium was renewed at intervals. After 24 hours’ dialysis redis- 
solved PNP was cleared of the indissoluble materials by centrifuga- 
tion of 15,000 r.p.m. for 20 minutes. The PNP solution thus ob- 
tained was stored at 0° C. 


Electrophoresis. Borate buffers of various pH’s and ionic strengths 
were used, except in the special examinations where they were 
replaced by the phosphate buffer. Electrophoresis was carried out at 
4° C.in a 2-ml. cell by means of a TisE.ius type electrophoresis ap- 
paratus (Hitachi, Model HT-B). Because of the smaller quantity of 
the sample available for measuring conductivity, the specific con- 
ductivity of the buffer against which the sample was dialyzed, was 
used for the specific conductivity of the sample in calculating mo- 
bilities. No significant difference between the specific conductivity 
calculated from measurements on the dialyzed sample, and that of 
the outer medium was found. 


Ultracentrifugation. A Spinco Model E ultracentrifuge was used 
for sedimentation analyses. Photographs of the pattern were taken 
at 47,660 or 42,040 r.p.m. usually in a 12-mm. cell. But a 4-mm. cell 
was used when the streptomycin-supernatant was studied, because 
the presence of hemoglobin necessitated a shorter light pass. Sedi- 
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mentation constants were corrected to 20° C. for the effect of tem- 
perature on the viscosity of water and were expressed in Svedberg 
units. No correction was, however, made for the effect of protein 
concentration. 


Flow birefringence. Measurements of flow birefringence of the 
samples were carried out by a concentric cylinder apparatus with 
an outer rotating cylinder under water-cooling. In some cases mea- 
surements were made on the samples after ultracentrifugation at 
100,000 x g. 


Viscosity. Viscosity was measured at shear rates between 100 
sec.-'~1,000 sec.~' in a capillary type viscometer contrived in the 
Polymer Laboratory of this Faculty. Since the low concentration 
of the original samples precluded measurements upon further dilu- 
tion, an intrinsic viscosity could not be obtained. 


Nucleic acids. PNA was extracted by the ScHNEIDER’s method 
(1945) and estimated by UV absorption at 260 mz in a Model DU 
Beckmann spectrophotometer. The Discue’s diphenylamine test was 
carried out for DNA. 


Protein-nitrogen. Nitrogen estimation of the samples after re- 
moval of PNA was made by the method of Levy and PALMER 
(1947). 


Amino acids. The amino acid constitution of PNP samples was 
qualitatively determined by two dimensional paper chromatography. 
Samples of PNP were hydrolyzed for 16 hours at 110°C. with 6 n 
HCl in a sealed glass tube in the incubator. After hydrolysis, HCl 
was removed in vacuo and the residue was redissolved in a small 
quantity of distilled water. The hydrolysates were evaporated re- 
peatedly to dryness under infrared rays to remove the residual free 
HCl. Phenol saturated with water was used as the first solvent and 
lutidine-collidine saturated with water as the second. Before use, 
the solvents were repurified and distilled water was deionized 
through resin. Several known amino acids were added to the sample 
in order to facilitate the identification of the spots developed by 
ninhydrine. 


Sulfhydryl group. A colorimetric method using 1-(4-chloro- 
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mercuriphenylazo)-naphthol-2 was adopted for determination of sulf- 
hydryl group of the samples. 


RESULTS 


The PNP fractions here obtained from the kidney and liver of 
the guinea pig were somewhat opaque. Especially that of the liver 
was faintly coloured in yellow. As illustrated in Fig. 1, the absorp- 
tion spectra of the typical preparations showed a peak at 260 mu. 
The ratio of the absorption values at 260 my to that at 280 mz was 
1.83 and 1.72 for the samples from the kidney and the liver, respec- 
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Fig. 1. UV absorption spectra of PNPs 
Solid line: liver PNP 


Dotted line: kidney PNP 
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tively. This suggests that the samples of PNP are considerably 


pure. The PNA content of each sample was found to be 30-37% 


by weight (cf. Table 2). A tendency to form the flocculent pre- 
cipitates upon agitation was noticed. DNA could be detected neither 
by Discue’s diphenylamine test, nor by the indol reaction (HayAsu1, 
1956). The absence of DNA was further confirmed by good agree- 
ment of the PNA content calculated from the orcinol test with that 


from the UV absorption. 


Table 2. Chemical analyses of the pentose nucleoprotein samples 


SH* pg /mg. PNA-P vg/mg. og ** PNA 


Protein-N Protein-N 
Kidney PNP 49.7 361 37 
Liver PNP 39.8 269 30 


* Expressed in the amount of glutathione 
** O by weight 


Typical electrophoretic patterns of saline extracts, PNPs and 
streptomycin-supernatants from the kidney and liver are shown in 
Fig. 2. The PNP samples from both tissues revealed a single boun- 
dary (Fig. 2C). On the contrary, other two fractions indicated a 
complex pattern (Fig. 2 A, B). By superimposing the pattern of the 
saline extract onto that of the PNP sample, it was found that the 


Fig. 2. Electrophoretic pattern of kidney PNP in 0.14 » borate buffer 
at pH 8.5 after 60 minutes in a field of 3.6 volts per cm. 

Left: ascending, Right: descending, A: saline extract, B: strepto- 
mycin-supernatant, C: PNP 
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fast-moving component in the saline extract corresponds to PNP. 


This was also evident from the fact that the component correspond- 
ing to the fast-moving one in the saline extract was almost absent 


in the streptomycin-supernatant (Fig. 2B). These observations in- — 


dicate that the procedure is useful for isolation of PNP from the 
crude 0.14 m NaCl-extract. The ascending and descending mobilities 
of PNPs, calculated on patterns taken after 60 minutes’ run, are 
given in Table 3. There was no difference between the mobilities 
of PNPs from the kidney and the liver. Comparing the pattern of 
the saline extract with that of the streptomycin-supernatant, essential 
similarity was found, excepting the disappearance of the PNP boun- 
dary from the pattern of the latter. In view of mobilities calculated, 
no free PNA appears to be present in any of the fractions. In some 
experimental cases, however, a small boundary with a mobility 
higher than that of PNP but lower than PNA was detected. It was 
assuined to be adegradation product. Asa test for the homogeneity 


of the samples, electrophoretic examinations were made with dif- 
ferent buffers (borate and phosphate), pHs (7.5 and 8.5) and ionic 
strengths (0.1, 0.14 and 0.2). Under all conditions studied the pattern 
showing the single boundary was consistently obtained. 


Table 3. Physical analyses of the pentose nucleoprotein samples 


Electrophoretic Sedimentation 
mobility* constant, S** 
ascending descending 
Kidney PNP  —§.1~ —6.3 —5.3~ —5.4 6.7 
Liver PNP —6.0~ —6.4 —5.1~ —5.8 6.7 
23.5°** 


* cm?/secevolt x 10-° 
** cm/sec/unit of forcex10~" 
*** Fast-sedimenting component 


A further test for homogeneity of PNP samples was performed 
by ultracentrifugation. The sedimentation diagrams obtained are 
illustrated in Fig. 3. As can be seen in the figure, the liver sample 
indicates a small fast-sedimenting component followed by a large 
main component with a lower sedimentation constant. On the other 
hand, in the kidney sample, only one component corresponding to 
the main component of the liver sample is revealed. The sedimenta- 
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Fig. 3. Sedimentation patterns of PNPs 
Left: kidney PNP, 40 min. after reaching 47,660 r.p.m. 
Right: liver PNP, 20 min. after reaching 42, 040 r.p.m. 


tion constants for the components of both samples are given in Table 
3. 

As an attempt to analyse the molecular shape of PNPs, flow 
birefringence was examined on several samples. Liver PNP ex- 
hibited a marked flow birefringence, the extinction angle (7) being 
10-16° at the velocity gradient of 3,600 sec.~', whereas others, ex- 
hibited no flow birefringence, even if their protein concentration 
was higher than that of liver PNP. These findings seemed to sug- 
gest the interpretation that the molecules of liver PNP were of the 
threadlike shape. However, the non-sedimenting subfraction of liver 
PNP after ultracentrifugation at 100,000 = g. for 1 hour failed to ex- 
hibit the flow birefringence. On the other hand, in the liver sample 
the flow birefringence could be detected at the protein concentration 
lower than that of the non-sedimenting subfractions, hence dis- 
appearance of the birefringence after ultracentrifugation is not due 
to decrease in the protein concentration after removal of the sedi- 
ment by ultracentrifugation. However, no test was possible for the 
sediment, because of its small quantity. 

Contrary to the expectation from the evidence for flow bire- 
fringence, the specific viscosity of kidney PNP was higher than that 
of liver PNP, the value of the former being about two folds of the 
latter as shown in Fig. 4. A difference was also found between 
sulfhydryl-group contents of the samples from kidney and liver, the 
content in the former being higher than the latter (Table 2). This 
is in agreement with the finding of FLescu and Kun (1952) that the 
sulfhydryl-group content of kidney homogenates of the rabbit and 
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~ 
Fig. 4. Specific viscosity of PNPs 
Solid line: liver PNP 

Dotted line: kidney PNP 


mouse was higher than that of the liver homogenate. 

Amino acids identified in kidney and liver PNPs were as follows: 
cystine, glutamic acid, serine, glycine, threonine, alanine, valine, 
leucine, iso-leucine, arginine, tyrosine and proline. Tryptophan was 
not detectable because acid hydrolysis was used for hydrolyzing the 
sample. 

As a preliminary study, light scattering was made on the liver 
- PNP sample purified by ultracentrifugation. Calculation of the 
molecular dimension from the obtained data indicated a length of ca. 
1,000 A for a rodlike molecule, or a diameter of ca. 550 A for a 
spherical molecule. A corresponding study of the kidney PNP 
sample did not give reliable data because of small quantity of the 
sample available. 
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DISCUSSION 


PNP samples obtained by the streptomycin-precipitation method 
from the kidney and liver of the guinea pig indicate a single boun- 
dary in the electrophoretic pattern. However, a lack of electro- 
phoretic heterogeneity is not the decisive proof of homogeneity of 
the sample. In fact the sedimentation diagram of the sample of 
liver PNP indicates a small, fast-sedimenting component beside the 
major, slower sedimenting component. On the other hend, in the 
sedimentation diagram of the sample of kidney PNP a fast-sedimen- 
ting component corresponding to that of the liver sample was not 


visible. According to Hayasui and Takata (1958) liver PNP can be 


separated into two fractions by ultracentrifugation: the supernatant 
containing much PNA and showing an intensive inductive effect, and 
the precipitate containing lesser PNA and showing a weaker induc- 
tive effect. Also there was a difference in the quality of induction. 
This was taken to suggest that in the original sample of nucleopro- 
tein of liver, nucleoprotein with an intensive inductive effect was 
present together with a protein with a weaker inductive effect. 
However, when the sample of kidney PNP was ultracentrifuged into 
the supernatant and sediment, both fractions indicated the maximum 
frequency of the regional effects characteristic for the original tissue 
(YAMADA, HaAyAsui and TakaTA, unpub., cf. YAMADA, 1958). 

It may be added that the nucleoprotein samples isolated from 
the various tissues by Kutsxy and others (1953, 1956) using strepto- 
mycin sulfate revealed several distinct boundaries in the electro- 
phoretic examination. 

The present PNP samples contain approximately 30-37% PNA by 
weight and no DNA (Table 2). Absorption ratios of 260 my to 280 
my are 1.83 and 1.72 for the samples from kidney and liver, res- 
pectively, the absorption curves showing a peak at 260 mu. These 
data may be compared with those of Couen et al. (1954) on PNP 
sample from sarcomas separated with streptomycin sulfate: 26% 
PNA, a small amount of DNA, and a 260 myz to 280 my absorption 
ratio of 1.78. | 

Recently, as an approach to the mechanism of protein synthesis, 
isolation of the PNP particles from the tissues has been carried out 
by several investigators. LITTLEFIELD et al. (1955) isolated PNA- 
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rich particles from the rat liver by the use of deoxycholate. Their 
sample contained 40-50% PNA by weight, and showed in the ultra- 
centrifugal examination a major peak with a sedimentation constant 
of 47 S, accompanied by a smaller peak. They reported that the 
obtained PNP particles might correspond to the nucleoprotein par- 
ticles which were designated as “component B” by PETERMANN ef al. 
(1953, 1954), and to the “small particulate component of the cyto- 
plasm” described by PaLape (1955). By alternate cycle of high- 
and low-speed centrifugation CHao and SCHACHMANN (1956) obtained 
the PNP particles from yeast, its sedimentation constant being about 
80 S. Similar particles were isolated from the rat liver by PeETer- 
MANN and HAMILTON (1957), who used a similar method combined 
with the deoxycholate-treatment. This sample contained about 40% 
PNA and its electrophoretic mobility was —8.7. Takata and Osawa 
(1957) isolated PNP of rabbit appendix by the streptomycin method, 
which revealed a considerable homogeneity in the electrophoretic 
test and contained a large amount of PNA, about 60% by weight. 

Comparing these sample of PNP with those reported in this 
paper, the PNA content and the sedimentation constant are lower 
in the latter than in the former. These differences of analytical 
data may be explained by the different procedure adopted at the 
preliminary step of preparation: microsomes separated from the 
tissue-homogenate in a sucrose medium were used in the former, 
while 0.14 m NaCl-extracts of tissues were used in the latter. Not 
excluded is the possibility that the difference in the source material 
is responsible for the different analytical data. 

Since PNPs prepared by an identical method from the kidney 
and liver show regional effects distinct from each other, comparison 
of physico-chemical properties of both samples may give us some 
information concerning the physico-chemical basis of regional induc- 
tion. However, in electrophoretic mobility, sedimentation constant, 
PNA content (cf. Tables 2 and 3), and qaulitative amino acid com- 
position (cf. p 321) no decisive differences are found between sam- 
ples of kidney and liver PNP. A marked flow birefringence of the 
liver PNP sample has attracted attention, in so far as it is absent 
in the kidney PNP sample. However, the absence of birefringence 
in the non-sedimenting subfraction after 100,000 x g. ultracentrifuga- 
tion has been taken to indicate that the sedimenting subfraction 
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corresponding to the fast-moving, small component observed in the 
sedimentation diagram may probably be responsible for the flow 
birefringence. As stated above, this sedimenting subfraction shows 
a low PNA content and a weak inductive activity, in contrast to 
the non-sedimenting subfraction which has a high PNA content 
and a very strong inductive activity. It appears, therefore, that the 
marked flow birefringence of the liver PNP sample is not due to 
PNP itself but due to the contaminant. 

While all the above data have failed to give any definite dif- 
ference between two nucleoprotein samples which have different 
morphogenetic effects, some encouraging data have emerged in mea- 
surements of specific viscosity and sulfhydryl-group contents. When 
the PNP samples of both tissues are subjected to viscosity measure- 
ment, kidney PNP indicates a value much higher than that of liver 
PNP. The observed difference between the specific viscosities of 
the kidney and liver samples may suggest either a difference in the 
shape or in hydration of protein molecules. Another indication for 
a physical difference between proteins of the kidney and liver PNP 
samples seems to be given by the fact that more sulfhydryl groups 
are found in the kidney sample than in the liver sample. Although 
no definite conclusion is possible from both data, it seems probable 
that kidney and liver PNP differ in some physical properties. Im- | 
portance of physical properties of PNPs in their regional effects has 
been suggested in a separate line of investigation: The change in 
the regional effects of variously treated samples have led to the idea | 
(Yamapa and Takata, 1955a, b; YamMaApDa, 1959) that a physical con- 
dition of protein molecules may be responsible for different regional 
inductive effects, i.e., one and the same protein sample may induce 
different types of structures according to its physical states: it in- 


- duces in a labile state the spino-caudal structures, and in a stable 


state the archencephalic structures, while in the intermediate state 
of the sample the deuterencephalic structures are induced. Extend- 
ing this idea to the present case, it would be suggested that the ob- 
served differences in viscosity and sulfhydryl-group contents between 
kidney and liver PNPs may be indicative of the basic physical dif- 
ference which is responsible for the difference in their morphogenetic 
specificity. Further studies are required to test the suggestion, and 
to characterize the nature of the basic physical difference. 
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SUMMARY 


Pentose nucleoproteins (PNP) of guinea pig kidney and liver 
were isolated by the streptomycin-precipitation method. The two 
samples, the regional inductive effects of which were shown in pre- 
ceding papers to be distinct from each other, indicated electro- 
phoretic homogeneity and high PNA content. No significant dif- 
ference was found between the two in electrophoretic mobility, sedi- 
mentation constant, and qualitative amino acid composition. It was 
noted, however, that the specific viscosity and sulfhydryl-group 
content were higher in kidney PNP than in liver PNP. These data 
were discussed in relation to the specific inductive effects of the 
samples. 
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THE EFFECT OF PEPSIN ON THE REGIONAL 
‘(INDUCTIVE ABILITY OF PENTOSE 
NUCLEOPROTEIN FROM 
THE KIDNEY” 


YUJIRO HAYASHI? 


Biological Institute, Faculty of Science, Nagoya University, Nagoya, Japan 


INTRODUCTION 


The kidney tissue of the guinea pig is known to induce spino- 
caudal structures (somites, notochord, and spinal cord) in the pre- 
sumptive ectoderm of early gastrulae of Triturus (ToIvonen, 1940). 
The same regional induction has been obtained with saline extract 
of the tissue, a fraction of the extract containing the major part of 
pentose nucleoprotein, the “microsome” fraction, and a sample of 
pentose nucleoprotein isolated from the saline extract (Yamapa and 
TAKATA, 1955 a, 1956). j 

In an earlier experiment, incubatoin of the extracts of the kidney 
with trypsin and chymotrypsin abolished almost completely their 
inductive effects (YAMADA and TaxkaTA, 1955b). On the other hand, 
a treatment of a crude extract of the kidney with pepsin under sub- 
optimum conditions led to a disappearance of the spino-caudal effect 
accompanied by appearance of the archencephalic effect which was 
not present in the untreated extract.*» Recently a similar effect of 
pepsin on the quality of induction was reported for a protein frac- 
tion with initially spino-caudal effects isolated from the chick embryo 
(TIEDEMANN and TIEDEMANN, 1956). These effects of pepsin perhaps 
belong to the phenomenon of shifting regionality observed in various 
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2) Present Address: Department of Zoology, Institute of Cellular Biology, 
University of Connecticut, Storrs, Coun., U.S.A. The author acknowledges 
his gratitude to Dr. Tuneo Yamada for his encouragement throughout the 
course of the present experiment. 

3) Communication at the 25th Annual Meeting (1954) of the Zoological 
Society of Japan (cf. Zool. Mag. (Tokyo) 1954, 63, 415). 


327 


f 
ry 


328 YUJIRO HAYASHI 


inducing samples with spino-caudal and deuterencephalic effects, 
when they were treated, for instance, with heat (CHuANG, 1939, 1940; 
Vaus, 1955; YaMapA and TakaTA, 1955), high concentration of salt 
(YAMADA and TaxkaTA, 1955 a), formalin (Kuus1, 1953), and ethanol 
(ENGLANDER, JOHNEN, and VAus, 1953; ENGLANDER, and JOHNEN, 
1957; Vaus, 1957). In these cases the shift in regionality always 
occurs from caudal towards cephalic: A sample which originally 
induces spino-caudal structures gives rise to deuterencephalic or 
archencephalic structures after these treatments. If a deuterence- 
phalic inducer is similarly treated it may induce archencephalic struc- 
tures. On the other hand, an archencephalic inducer is found to 
produce either archencephalic or regionally indifferent structures, if 
any, after similar treatments. 

For an understanding of the physical and chemical basis of 


‘regional inductions, it appears pertinent to know whether a similar 


shift of regionality of induction also occurs when a homogeneous 
sample is employed, or it is restricted to heterogeneous samples 


_ which alone have been studied so far. Hence in the present experi- 


ment the effect of pepsin on the inductive ability of the sample of 
pentose nucleoprotein isolated from guinea pig kidney was investi- 
gated, whose purity was tested by electrophoresis and sedimentation 
diagrams (TaKATA, 1959). Similar experiments using liver pentose 
nucleoprotein having deuterencephalic and archencephalic —" 
have been reported elsewhere (HayAsni, 1958). 


EXPERIMENTS 


Regional Inductive Effects of Control Samples of Pentose Nucleo- 
protein. The procedure for isolating pentose nucleoprotein from the 


tissues of the guinea pig has already been published (Yamapa and 


TAKATA, 1956; Havasu, 1956; TaxaTa, 1959). Three control samples 
were prepared: The first sample was prepared by precipitating an 
aliquot of kidney pentose nucleoprotein with cold ethanol. The 
precipitate was centrifuged down and kept in 95% ethanol at 5°C. 
This sample, called KNP, was considered to represent the starting 
material from which all the following samples were derived. Sample 
KNP-A was prepared by leaving another aliquot of pentose nucleo- 
protein at pH 4 and 0°C. for one hour. Then the pH was raised to 
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7.6 and the sample precipitated with cold ethanol. Sample KNP-P 
was prepared in the following way: 1 ml. of 1% crystalline pepsin 
solution was added to 9 ml. aliquot of pentose nucleoprotein of pH 
7.6. Immediately afterward, cold ethanol was given to the mixture, 
and the precipitate was gathered by centrifugation. The regional 
inductive effects of these control samples were tested as in earlier 
experiments (cf. YAMADA and TaxkaTa, 1955 a), on the ectoderm 
isolated from the early gastrula of Triturus pyrrhogaster and are 
summarized in Table 1. The predominant axial structures induced 


Table 1. Regional inductive effects of pentose nucleoprotein 
from the kidney after treatment with an acidic 


medium or after addition of pepsin 


Experimental seires KNP KNP-A KNP-P . 
No. of available explants 55 22 30 
No. of explants with any in- 55 22 30 
duction (100% ) (100% ) (100% ) 
No. of explants with neural in- 43 21 25 
duction ( 78%) ( 95%) ( 839%) 
No. of explants with 1 1 0 
archencephalic induction 
No. of explants with 12 12 13 
deuterencephalic induction (22% ) (55% ) (43% ) 
« No. of explants with spino- 50 16 10 
caudal induction — (91% ) (73% ) (33% ) 
No. of explants without regional 1 1 10 
character (33% ) 


KNP: untreated nucleoprotein. 
KNP-A: nucleoprotein treated with acidic medium. 
KNP-P: nucleoprotein with pepsin. 


in series KNP were the somites. Other spino-caudal structures such 
as the tail-bud and spinal cord were also observed. The neural 
structures induced in the series were small in general, and were 
often restricted to superficial neuroepithelium without distinct 
regionality. When the inductive effects of samples KNP-A and 
KNP- P were compared with those of KNP, suppression of the spino- 
caudal effect in KNP-A and KNP-P was apparent. The suppression 
of the spino-caudal frequency in series KNP-A and KANP-P was 
compensated by an increase in the deuterencephalic frequency. 
Therefore, the over-all induction frequency remained unchanged in 
all series. Comparing the results of series KNP-P with those of 
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KNP-A, in the former series the suppression of the spino-caudal 
effect appeared to be stronger, and even a slight decrease in the 
deuterencephalic frequency seemed to be suggested. 


Effect of Pepsin-Treatment on the Regional Inductive Activity of 
Kidney Pentose Nucleoprotein. Here will be considered two series in 
which the samples were incubated with pepsin and two series in- 
cubated without the enzyme. Two aliquots of kidney pentose 
nucleoprotein with 0.1% crystalline pepsin were adjusted to pH 4 
by adding N/10 HCl, and incubated at 28°C. for 30 min. or for 60 
min. At the end of the incubation periods the pH of the mixture 
was brought back to 7.6, and cold ethanol was added. The precipi- 
tates were collected by centrifugation and stored in 95% ethanol at 
5°C., and called P(30) or P(60) according to their incubation 
periods. At the same time two other aliquots of pentose nucleo- 
protein were incubated in the same manner for the same periods 
without adding pepsin solution. When the incubation periods were 
terminated, the pH of the solutions was adjusted to 7.6, and pepsin 
was added to a final concentration of 0.1%. Cold ethanol was then 
quickly introduced into each mixture and the precipitate was col- 
lected by centrifugation. These samples were called Con P(30) and 


Table 2. The effect of pepsin treatment on the regional 
inductive activity of kidney pentose nucleoprotein 


Experimental series Con P(380) P(80) ConP(60) P(60) 
No. of available explants 47 36 71 41 
No. of explants with any in- 47 36 70 41 
duction (100%) (100%) (999%) (100%) 
No. of explants with neural in- 46 36 67 33 
duction ( 989%) (100%) (96%) ( 80%) 
No. of explants with 19 13 40 7 
archencephalic induction (40% ) (36% ) (56% ) (17%) 
No. of explants with 34 10 37 0 
deuterencephalic induction (72% ) (28%) (52% ) 
No. of explants with spino- 21 1 0 0 
caudal induction (45% ) 
No. of explants without regional 4 16 16 33 
character ( 9%) (44% ) (23% ) (80% ) 


P( 30): nucleoprotein incubated with pepsin for 30 min. 
Con P(30): control for P(30). 
P(60O): nucleoprotein incubated with pepsin for 60 min. 
Con P(60): control for P(60Q). 
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Con P(60) according to the incubation periods. The regional in- 
ductive effects of these four samples are summarized in Table 2 and 
shown diagrammatically in Fig. 1. 

In both Con P(30) and Con P(60) suppression of the spino-caudal 
effects was more pronounced than in KNP-A and KNP-P. In the 
former two series, a definite increase in the archencephalic induction 
was noted concomitant with a decrease in the spino-caudal induction. 
In Con P(60), especially, the spino-caudal effect completely disap- 
peared and the archencephalic effect attained a high level. 

When the inductive effect of P(30) is compared with that of 
Con P(30), it is evident that the spino-caudal and deuterencephalic 
effects are preferentially attacked by digestion with pepsin. A com- 
parison of P(60) with Con P(60) leads to the same conclusion. 
The archencephalic effects appear more resistant towards peptic 
digestion than other regional effects. However a comparison of the 
results of P(30) and P(60) shows that archencephalic effects are 
also suppressed with the longer period of incubation. Here the 
decrease in the frequency of spino-caudal and deuterencephalic in- 
duction is accompanied not by an increase in the frequency of 
archencephalic inductions, but by that of non-regional induction. 
However, if the percentage of archencephalic explants is calculated 
on the basis of the total number of explants carrying regional in- 
ductions, this value increases after longer periods of incubation. 

The results reported imply that all of the factors responsible 
for spino-caudal, deuterencephalic, and archencephalic inductions are 
attacked by pepsin, and hence may be bound to some integral struc- 
tures of proteins or of polypeptides. The suggestion is in good 
conformity with the results obtained by similar pepsin-treatment of 
liver pentose nucleoprotein and those obtained by trypsin-treatment 
of liver pentose nucleoprotein (Hayasui, 1958). The findings that 
trypsin and chymotrypsin inactivate all the regional inductive abili- 
ties of kidney extracts are also indicative of the protein-nature of 
the factors responsible for these inductions (YAMADA and TAKATA, 
1955 b). A negative outcome of the test of inductive effects of pen- 
tose nucleic acid from guinea pig kidney (YamMApa, TAKATA, and 
Osawa, 1954), and persistence of the inductive ability of liver pen- 


tose nucleoprotein from which pentose nucleic acid was removed 
by ribonculease lead to the same conclusion (HayAsui, 1959). 
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The observed shift in the regional effect of kidney nucleoprotein 
suggests that spino-caudal and deuterencephalic effects are dependent 
on a labile state of the sample, which is easily converted into a 
more stable state under diverse experimental conditions, and that 
the latter state is responsible for archencephalic or non-regional 
differentiations. Further, it is indicated that the state in which the 
sample induces deuterencephalic structures is relatively stable as 
compared with that for spino-caudal structures. These conclusions 
are in perfect accord with the idea developed earlier by YAMADA 
and TaKATA (1955a) in their study of spino-caudal induction by 
kidney fractions, and also with the recent results of the experiments 
with steamed bone marrow (YAMADA, 1958 a, b, 1959). 


SUMMARY 


1) A sample of pentose nucleoprotein from guinea pig kidney, 
which induces predominantly spino-caudal structures in the ectoderm 
isolated from the early gastrula of Triturus pyrrhogaster, was used 
for the study of the change of regional induction caused by pepsin. 
As control experiments influence of pH and temperature on the 


Fig. 1. Diagrams showing the change of regional effect of the sample of 
kidney pentose nucleoprotein on the ectoderm explant caused by progressive 
treatments of the sample with pepsin. The frequency of the regional induction 
is expressed by percentage of the number of explants containing one of main 
regional types against the total number of the explants in the concerning 
series. 


The significance of the difference in regional inductive effects between 
different series was examined by chi-square. The following P values were 
obtained for the difference of each regional induction between different 
series: For spino-caudal induction, P<0.001 between KNP and KNP-P, between 
KNP and Con P( 30), between Con P(30) and Con P(60), and between ConP 
(380) and P(30); for deuterencephalic induction, P<0.001 between ANP and 
Con P(30) and between Con P(60) and P\60), P<0.01 between Con P( 30) and 
P(30), and P<0.05 between P(30) and P(60); for archencephalic induction, 
P<0.001 between KNP and Con P(30), and P<0.01 between Con P(60) and P 
(60); for regionally non-specifiable induction, P<0.001 between Con P( 30) 
and P(30), P<0.01 between Con P(60) and P(60), and P<0.05 between P( 30) 
and P(60). 

All other differences between compared series, P values of which are not 
given here, are not significant at the 5 % level. 
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regional induction was also investigated. 

2) When the sample was left at pH 4 for one hour, or mixed 
with pepsin solution but kept at pH 7.6, and then tested on the 
ectoderm, spino-caudal inductions were suppressed, while deuteren- 


cephalic inductions were enhanced. 
3) Incubation of the sample at pH 4 and 28°C. without pepsin 


caused a suppression of spino-caudal inductions and concomitant 


appearance and increase of archencephalic ones. 

4) Progressive incubation of the sample with pepsin at pH 4 
and 28°C. brought forth a suppression of deuterencephalic as well 
as spino-caudal inductions. Archencephalic inductions were proved 
to be more resistant towards the enzyme than other regional in- 


ductions. 
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DEOXYRIBONUCLEIC ACID AND ACID-SOLU- 
BLE DEOXYRIBOSIDIC COMPOUNDS 
IN AMPHIBIAN EMBRYOS* 


YOSHITAKA KURIKI and REIJI OKAZAKI 
Biological Institute, Faculty of Science, Nagoya University, Nagoya, Japan 


In view of the generally accepted idea that deoxyribonucleic acid 
(DNA) represents the genetic determinant of the organism, its be- 
havior during the course of early development attracts our atten- 
tion. 

Horr-J@RGENSEN and ZEUTHEN (1952) and Horr-J@RGENSEN (1954) 
reported that the unfertilized egg of Rana temporaria contained an 
amount of DNA much higher than that in the spermatozoon. It was 
also shown that despite active cell division rio increase of DNA con- 
tent per egg or embryo took place until the stage of late blastula 
was reached. Furthermore, they presented evidence indicating that 
the “excess DNA” was located in the egg cytoplasm.** The pres- 
ence of “excess DNA” was confirmed by other workers using dif- 
ferent amphibian species (Grecc and Lértrup, 1955; L@tTrup, 1955). 
On the basis of these observations, it is assumed that prior to the 
initiation of development “excess DNA” is stored in the egg cyto- 
plasm and that the nuclei formed during cleavage are supplied with 
DNA from this source. | 

In all the above works microbiological assay of deoxyribosidic 
compound was made after deoxyribonuclease treatment on hot 
alkali extracts prepared from defatted materials without prior elimi- 
nation of the acid-soluble fraction. However, it should be pointed 
out that the presence of deoxyribosidic compounds in the acid-soluble 
extract from variety of biological materials has been demonstrated 
(SCHNEIDER, 1955, 1957, SCHNEIDER and BROWNELL, 1957, RoTHERHAM 


* This work was supported in part by a grant from the Rockefeller 


Foundation. 
We are grateful to Prof. TUNEO YAMADA and other members of the 


laboratory for their encouragement and advice. 
** FINORE and VOLKIN (1958) have recently presented another evidence 


for the presence of cytoplasmic DNA in the oocyte of Rana pipiens. 
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and SCHNEIDER, 1958, PoTTER, SCHLESSINGER, BUETTNER-JANUSCH, and 
THompson, 1957, Potter and BueTTNER-JANUSCH, 1958, LEPAGE, 1957, 
Orp and Srocken, 1958, in mammalian tissues; Foster and STERN, 
1958, in plant; Kanazir and Errera, 1956, Okazaki and OKAZAKI, 
1958, 1959, OxazAx1, OKAZAKI and Kurik1, 1959, Kurrk1 and OKAZAKI, 
1959, Okazak1, 1959, O’DoNNELL, and Evans, 1958, in bac- 
teria; Oxazaki, 1958, in protozoa; Sucino, SuGino, OKAzAKI and 
OKAZAKI, 1957, 1959, Sucino, 1957, in sea urchin eggs). If these 
compounds are present also in amphibian eggs and embryos, they 
should contribute to the “DNA value” obtained by the above method. 
In other words, it is possible that “DNA values” obtained by earlier 
workers for early developmental stages of amphibian species are 
too high. 

To clarify the situation, analyses were made in the present study 
of deoxyribosidic compounds in the acid-soluble and acid insoluble 
fractions of early developmental stages of two amphibian species, 
Bufo vulgaris formosus and Triturus pyrrhogaster. The previous 
study performed in this laboratory (Sucino, SuGIno, OKAzAKI and 
OKAZAKI, 1957, 1959) showed, in sea urchin eggs, the presence of 
acid-soluble deoxyribosidic compounds in an amount several times 
as much as that of DNA. Their possible contribution to the apparent 
content of DNA measured without prior removal of the acid-soluble 
fraction was evidenced. Indeed the results presented below reveal 


a similar situation in amphibian eggs and embryos. 


METHODS 


Naturally fertilized eggs were cultured at room temperatures. After 
removal of jelly, eggs or embryos at desired stages were frozen with dry ice- 
ethanol, lyophilized, and stored at —20°C. 200-500 lyophilized eggs or em- 
bryos were homogenized in ethanol and treated successively with hot ethanol- 
ether and ether to remove lipids. From the residue the acid-soluble material 
was extracted once with ice-cold 0.5N perchloric acid (PCA) and twice with 
0.2N PCA. The extracts were combined and neutralized with KOH, the 
precipitate of KClO, being removed by centrifugation. The residue obtained 
after PCA extraction was then treated with 0.5N KOH at 100°C. for 20 min. 
The KOH extract was neutralized with PCA and resulting precipitate was 
removed by centrifugation. The PCA extract and KOH extract obtained as 
above were used for the determination of acid-soluble and acid-insoluble 


deoxyribosidic compounds, respectively. 
To degrade all the deoxyribosidic compounds to deoxyribosides prior to 
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the microbiological assay, the acid-soluble extract was digested with snake 
venom ( Agkistrodon blomhoffi or Trimeresurus flavoiridis) at pH 6.5 in the pre- 
sence of 10-?M Mg**+ (SUGINO, SUGINO, OKAZAKI and OKAZAKI, 1957, 1959, 
OKAZAKI and OKAZAKI, 1958), while the alkali extract obtained from acid- 
insoluble residue was treated with a mixture of pancreatic deoxyribonucle- 
ase and snake venom under the same conditions. Microbiological assay. was 
carried out with the deoxyriboside requiring bacteria, Lactobacillus acidophilus 
R-26 as previously described in detail (OKAZAKI and OKAZAKI, 1958). 

For the chromatographic fractionation of acid-soluble deoxyribosidic com- 
pounds, an acid-soluble extract prepared from 3000 blastulae (stage 8-9 of 
BABA and OKADA’s table) of Bufo vulgaris formosus was added onto a column 
(0.75 cm.?x12 cm.) of Dowex 1 (X-10, 200 to 400 mesh) resin. Adsorbed nu- 
cleotides were fractionated by using the extended gradient elution chromato- 
graphy with the “formic acid system” of HURLBERT, SCHMITZ, BRUMM and 
POTTER (1954). After washing the column with 30 ml. of water, elution was 
carried out by introducing successively the following eluents into a mixing 
flask previously filled with 250 ml. of water; 100 ml. of 1N formic acid, 300 
ml. of 4N formic acid, 300 ml. of 4N formic acid-0.2M ammonium formate, 
170 ml. of 4N formic acid-0.4M ammonium formate, and 400 ml. of 4N formic 
acid-1M ammonium formate. The flow rate was 10 to 15 ml. per hr., and 
samples of effluent containing approximately 5 ml. were collected automati- 
cally. The extinction at 260 mz and 280 mz was measured for each tube in 
a Beckman DU spectrophotometer. Effluent fractions corresponding to the 
peaks or portion of peaks were pooled and lyophilized to remove formic acid 
and ammonium formate. The resulting residues were dissolved in a given 
volume of water, and adjusted to pH 7.0 with a small amount of dilute NaOH. 
The ultraviolet absorption and content of deoxyribosidic compounds were 
determined on each pooled fraction. 

The fractions containing a large amount of deoxyribosidic compounds 
were rechromatographed by extended gradient elution chromatography with 
the “ammonium formate system” (HURLBERT, SCHMITZ, BRUMM and POTTER, 
1954). The column (0.39 cm,?x10 cm.) of Dowex 1 (X-10, 200 to 400 mesh) 
and 160 ml. mixing flask were used. The chromatographic fractions were 
lyophilized to remove ammonium formate and analyzed for the amount of 
deoxyribosidic compounds and ultraviolet absorption. 


RESULTS AND DISCUSSION 


Contents of DNA and acid-soluble deoxyribosidic compounds 
_ According to Horr-JérGENSEN (1954), the unfertilized egg of Rana 
temporaria contains 7.3=10-? ug. of DNA which is 8500 times of the 
amount of DNA in the spermatozoon, and this level is maintained 
until the late blastula stage. Similar values; 6.3x10-* wg. and 10~ 
10-? ug. per egg have been reported for early stages of Rana pipiens 
(Grecc and L¢trup, 1955) and Amblystoma mexicanum (L¢tTrRUupP, 
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1955), respectively. 

As shown in Tables 1 and 2, in the fertilized egg, the amounts of 
DNA (strictly the acid-insoluble deoxyribosidic compounds*) per egg 
obtained by the present method are 3.18107? wg. for Bufo vulgaris 
formosus and 2.74x10-* wg. for Triturus pyrrhogaster. These values 


Table 1. Amounts of deoxyribosidic compounds during 
early development of Bufo vulgaris formosus 


—— 


Batch Stage Total 
A 2*(1-2 Cell) 33.86** 10.26**( 3.18)*** 44.12** 

3 (4 Cell) 39.74 13.32 ( 4.13) 53.06 

6 (32 Cell) 51.44 1632 ( §2)1) 68.26 

9 (Middle blastula) 51.16 63.84 ( 19.79) 115.00 

B 2 (2 Cell) 43.86 12.24 ( 3.79) 56.10 

7 (Morula) 51.30 20.22 ( 6.27) 71.50 

10 (Late blastula) 33.80 156.30 ( 48.45) 190.10 

17 (Middle neurula) 30.26 888.00 (275.28) 918.26 

18 (Late neurula) 29.70 1620.00 (502.20) 1649.70 

C 8 (Early blastula) 37.30 33.26 ( 10.31) 70.56 

9-10 (Middle blastula) 32.00 113.12 ( 35.07) 145.12 

16 (Early neurula) 29.18 914.40 (283.46) - 943.58 


18 (Late neurula) 26.24 1605.00 (497.55) 1631.24 


* Stage number after BABA and OKADA. (1932) 
** Expressed as 10-? mumoles thymidine equivalent/egg or embryo. 


*** Expressed as 10-? ug. DNA/egg or embryo. 


Table 2. Amounts of deoxyribosidic compounds during 
early development of Triturus pyrrhogaster 


— 


Stage Acid-soluble Total 
1*(1 Cell) 50.00+5.53** 8.78+ 1.24**(2.74+0.41)*** 58.75+ 5.85** 


5*(32 Cell) 54.73+10.17** 11.49+2.01**(3.56+0.62)*** 66.22+11.16** 


* Stage number after OKADA and ICHIKAWA. (1947) 
** Expressed as 10-? muzmoles thymidine equivalent/egg or ombryo. 
*** Expressed as 10-* wg. DNA/egg or embryo. 


* The acid-insoluble deoxyribosidic compounds of amphibian eggs me- 
asured by the present method may well be regarded as DNA, since more 
than 80 per cent of these compounds became acid-soluble by treatment with 
pancreatic deoxyribonuclease. | 
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are considerably lower than those reported earlier for the eggs of 
other amphibian species. 

On the other hand, a considerable amount of deoxyribosidic 
compounds was found in the acid-soluble fraction throughout the 
early stages examined. Up to the stage of early blastula, the acid- 
soluble deoxyribosidic compounds made up a larger portion of total 
deoxyribosidic compounds of the embryo because of the relatively 
low DNA content. 

Thus higher DNA values previously reported by Horr-J@rRGENSEN 
and others appear to be due partly to contribution of acid-soluble 
deoxyribosidic compounds. It is, however, to be noted that the DNA 
contents per cell in early developmental stage obtained by the pre- 
sent method are still much higher than those of somatic cell of the 
adult tissues. According to the estimation of Mirsky and Ris (1951), 
the erythrocyte of “the toad” contains 7.33=10-* ug. DNA per cell. 
Consequently the amount of DNA found in the fertilized egg of Bufo 
vulgaris formosus corresponds to that contained in more than 4,000 
diploid nuclei of adult tissues, assuming that the DNA level of the 
somatic tissue cells of Bufo vulgaris formosus is equivalent to that 
of the species studied by those authors. 

The apparent high DNA content of the egg could be attributed 
to the contamination by excess sperm or bacteria of the material 
used for the determination. To minimize the possible contamination, 
in a special series of experiments, Triturus eggs (fertilized eggs 
before cleavage and the 32-cell stage) were analyzed after removal 
of vitelline membrane and careful washing. Obtained values for 


DNA were similar to those of other series. It appears, therefore, 


that the “excess DNA” is in fact present in the amphibian eggs. 
The results in Table 1 and 2 show also that there is an increase 
in DNA content even during cleavage, although the rate of increase 
was much lower than the rate of increase in cell number. This fact 
may be explained by supposing that during the cleavage stage of 
amphibian egg, one type of DNA is replicated on every nuclear 
division but another type of DNA is not. It is possible that the 
former represents nuclear DNA, while the latter is cytoplasmic or 


excess DNA. 
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Nature of the acid-soluble deoxyribosidic compounds 

(a) Dialysis experiment. Ten ml. of acid-soluble extract prepared 
from Bufo blastula were dialized twice against 200 ml. of water for 
24 hrs. at 3°C. During dialysis the cellophane tube was stirred by 
aid of a magnetic stirrer. Ultraviolet absorption and the content of 
deoxyribosidic compounds were measured on the original solution and 
the internal and external media after dialysis. The external medium 
was lyophilized prior to analysis for the purpose of concentration. 

_ It is evident from the result presented in Table 3 that most of 

deoxyribosidic compounds in the acid-soluble extract of the blastula 
are dialyzable. 


Table 3. Dialysis of the acid-soluble extract from 
blastulae of Bufo vulgaris formosus 


Recovery of Amount of Recovery of 
pe extinction deoxyribosidic deoxyribosidic 
at 260 mz. compounds* compounds 
Original 
extract 26.8 (100) (100 
- medium 26.3 98 | 34 85 
Total 28.4 106 35 88 


* Expressed as mumoles thymidine equivalent. 


(b) Ion-exchange chromatography. An acid-soluble extract pre- 
pared from Bufo blastula was added onto a Dowex 1 column and 
adsorbed nucleotides were fractionated by using the gradient elution 
chromatography with the “formic acid system” (HurLBER, SCHMITZ, 
BrumMM and Potter, 1954). Chromatographic fractions were lyophi- 
lized and analyzed for ultraviolet absorption and deoxyribosidic 
compounds. 

As will be seen from the results shown in Fig. 1 and Table 4, 
the major portion of deoxyribosidic compounds in the extract were 
adsorbed on Dowex 1 column. This indicates that most of the de- 
oxyribosidic compounds are nucleotide, deoxynucleoside accounting 
for only about 10 per cent of the total. 

The nucleotide fractions which contained a relatively large 
amount of deoxyribosidic compounds were rechromatographed with 
the “ammonium formate system” to obtain further information on 
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Fig. 1. Extended gradient elution chromatography of the acid-soluble 
extract from Bufo vulgaris formosus blastulae. Column indicates the content 
of deoxyribosidic compounds in each pooled fraction. 

In the upper portion of the figure, the locations expected for nucleosides 
and various known nucleotides are shown. 

Abbreviations: dCDPE, deoxycytidine diphosphate ethanolamine; dCDPC, 
deoxycytidine diphosphate choline; CMP, cytidine monophosphate; AMP, 
adenosine monophosphate; GMP, guanosine monophosphate; CDP cytidine 
diphosphate; UMP, uridine monophosphate; TMP, thymidine monophosphate; 
ADP, adenosine diphosphate; UDPAG, uridine diphosphate N-acetylglucos- 
amine; TDPR, thymidine diphosphate rhamnose; UDPG, uridine diphos 
phate glucose; GDP, guanosine diphospate; CTP, cytidine triohosphate; 
UDP, uridine diphosphate; ATP, adenosine triphosphate; TDP, thymidine 
diphosphate; GTP, guanosine triphosphate; UTP, uridine triphosphate; TTP, 
thymidine triphosphate. 


their chemical nature, although no full identification of the com- 
pounds was attempted because of small quantity of samples available. 

Fraction H containing 8 per cent of deoxyribosidic compounds — 
in the acid-soluble extract showed a high value of the ratio, 
E.9/E20, Characteristic of cytidine nucleotide. This fact together 
with its position on the chromatogram suggests the main component 
of the fraction to be cytidine diphosphate. Upon rechromatography, 
a main peak showing the absorption spectrum characteristic of 
cytidine nucleotide appeared and most of deoxyribosidic compounds 
found in the original fraction were recovered in this peak. Thus 


dCDPC 
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Table 4. lIon-exchange chromatography of the acid-soluble 
extract of Bufo vulgaris formosus blastula 


Optical density Deoxyribosidic 


Fraction at 260 mz compounds 
(Tube number) E 260 Per cent thtmidine Per cent 
of original equivalent of original 
Original 871.0 (100) 1300 (100) 

A(1’-8’) 100.8 11.6 104 8.0 
B (9’-14’) 53.1 6.1 19 1.5 
C(1-10). 52.0 5.9 0.1 
D(11-14) 5.3 0.6 3 0.2 
E (15-21) 20.0 2.3 22 Rel 
F (22-35) 14.6 1.7 6 0.5 
G (36-52) 4.2 0.5 3 0.2 
H (53-71) 25.5 2.9 107 8.2 
I (72-92) 75.8 8.7 49 3.8 
J (93-108 ) 19.3 2.2 22 1.7 
K (109-122) 49.6 5.7 7 0.5 
L (123-137) 27.5 3.2 38 2.9 
M( 138-160) 31.5 3.6 4 3.4 
N (161-173) 42.4 4.9 114 8.8 
O (174-202) 180.1 20.4 228 17.5 
P (203-221) 39.5 4.5 95 ‘a 
Q (222-238) 197 15.1 
Recovery 772.4 88.6 1066 82.0 


the major deoxyribosidic compound in this fraction seems to be 
deoxycytidine diphoshate (dCDP). 

From similar observations, an indication was obtained for the 
presence of deoxycytidine triphosphate (dCTP) in Fraction N, de- 
oxyuridihe diphosphate (dUDP), dCTP and deoxyadenosine triphos- 
phate (dATP) in Fraction O, deoxyuridine triphosphate (dUTP) and 
deoxyguanosine triphosphate (dGTP) in Fraction P, dUTP and 
thymidine triphosphate (TTP) in Fraction Q. 

Many of these compounds were isolated by PoTTEr, SCHLESINGER, 
BuETTNER-JANUSCH and THOompsoN (1957) and LEPaGE (1957) from 
mammalian tissues and assumed to serve as DNA precursors. Re- 
cently the presence of conjugated forms of deoxynucleotides has 
been reported; i.e. deoxycytidine diphosphate choline. in sea urchin 
eggs (Sucino, 1957) and rat hepatoma (ScHNEIDER and ROTHERHAM, 
1958) ; deoxycytidine diphosphate ethanolamine in calf thymus (PoTTER 
and BuETTNER-JANUSCH, 1958) and in rat hepatoma (SCHNEIDER and 
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ROTHRHAM, 1958); thymidine diphsphate rhamnose in bacteria (OKa- 
ZAKI, 1959). These derivatives of deoxynucleotides seem to exist 
little, if at all, in the extract from Bufo blastulae. 


It was suggested by Horr-J@RGENSEN and ZEUTHEN (1952) that 
the “excess DNA” in the egg cytoplasm is supplied for the nuclei 
formed during cleavage, when no increase of total DNA was ob- 
served. The present results confirm the “excess DNA” in the egg 
cells but, at the same time, indicate an increase of total DNA during 
cleavage. Also present are’ relatively large amounts of acid-soluble 
deoxyribosidic compounds mainly consisting of deoxyriboside di- and 
triphosphates, which may be readily utilized for DNA synthesis (cf. 
KorNBERG, 1957, Bottum and Potrer, 1958, DAvipson, SMELLIE, KEIR 
and McArp te, 1958, MAaNTsAvINos and CANELLAKIS, 1959). Thus it 
appears not impossible that the acid-soluble deoxyribosidic com- 
pounds are utilized as the precursors of nuclear DNA, while the 
“excess DNA” serves for some other purpose. 


SUMMARY 


Microbiological assays were made of DNA (acid-insoluble de- 
oxyribosidic compounds) and acid-soluble deoxyribosidic compounds 
during early development of Bufo vulgaris formosus and Triturus 
byrrhogaster. Although the presence of the “excess DNA” in the 
egg was confirmed, the value of DNA obtained for the early stages 
was considerably lower than those reported previously for other 
amphibian species. Further, an indication was obtained for the in- 
crease of total DNA during cleavage stage. The occurrence of acid- 
soluble deoxyribosidic compounds in the eggs and embryos was 
demonstrated, their amount being 3 to 5.5 times of that of DNA 
during cleavage. According to the chromatographic study made on 
an extract from Bufo blastulae, they consist mainly of di- and tri- 
phosphates of deoxyribosides. 


ADDENDUM 


After preparation of the paper, a report of Gran?” appeared, in 
which the contents of deoxyribosidic compounds were measured 


1) GRANT, P., 1958. The synthesis of deoxyribonucleic acid during early 
development of Rana pipiens. J. Cell. Comp. Physiol., 52, 227-247, 
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during early development of Rana pipiens with an assay method 
similar to that used in the present work. His results on Rana pipt- 
ens were in good agreement with our results obtained in Bufo vul- 
garis formosus and Triturus pyrrhogaster. He reported the quantity 
of DNA per fertilized egg to be 2.2x10-* wg., an amount which is 
close to ours, but considerably lower than those reported by earlier 
workers, and pointed out an increase of DNA during cleavage. 
Further the presence of acid-soluble deoxyribosidic compounds was 
also demonstrated, though the values are much lower than those 
reported in the present paper. This difference would be attributable 
to the fact that he determined these compounds directly by micro- 
biological assay without pretreatment with snake venom. As has 
been repeatedly demonstrated, many deoxyribosidic compounds in 
the acid-soluble extract do not show’ the full growth effect on L. 
acidophilus unless hydrolyzed (Sucino, Sucino, OKAzAK!1 and OKAZAKI, 
1957, 1959, SCHNEIDER and PoTtTer, 1957,?) Oxazax1 and OKAzAkI1, 1958, 
ROTHERHAM and SCHNEIDER, 1958). We have in fact observed a similar 
Situation in the acid-soluble extract from Triturus or Bufo eggs. 


LITERATURE 


BABA, K. and Y. OKADA, 1932. Devevlopment of the toad (Bufo vulgaris). 
Iwanami, Tokyo. 

BOLLUM, F. J. and V. R. POTTER, 1958. Incorporation of thymidine into de- 
oxyibonucleic acid by enzymes from rat tissues. J. Biol. Chem., 238, 
478-482. 

DAVIDSON, J. N., R. M. S. SMELLIE, H. M. KEIR and A. H. MCARDLE, 1958. 
Synthesis of deoxyribonucleic acid in extracts of mammalian cells. Nature, 
182, 589-590. 

FINAMORE, F. J. and E. VOLKIN, 1958. Nucleotide and nucleic acid metabolism 
in developing amphibian embryos. Exp. Cell Res., 25, 405-411. 

FOSTER, T. S. and H. STERN, 1958. Soluble deoxyribosidic compounds in 
relation to duplication of deoxyribonucleic acid. Science, 128, 653-654. 
GREGG, J. R. and S. LO@TRUP, 1955. Synthesis of desoxyribonucleic acid in 

lethal amphibian hybrids. Biol. Bull., 708, 29-34. 

HOFF-J@RGENSEN, E., 1954. Desoxynucleic acid in some gametes and embryos. 
In “Recent Development in Cell Physiology” Butterworths Scientific 
Publishers London. P. 79-87. 


2) SCHNEIDER, W. C. and R. L. POTTER, 1957. Studies on deoxyribosidic 
growth requirements of Lactobacillus acidophilus R-26, Proc. Soc. Exp. Biol. 
Med., 94, 798-800, 


44 
? 
4 
j 
> 
Be. 


DNA IN AMPHIBIAN EMBRYOS 347 


HOFF-J@RGENSEN, E. and E. ZEUTHEN, 1952. Evidence of cytoplasmic desoxy- 
ribosides in the frog’s egg. Nature, 169, 245-246. 

HURLBERT, R. B., H. SCHMITZ, A. F. BRUMM and V. R. POTTER, 1954. Nucleo- 
tide metabolism II. Chromatographic separation of acid-soluble nucleo- 
tides. J. Biol. Chem., 209, 23-39. 

KANAZIR, D. and M. ERRERA, 1956. Alternations of intracellular deoxyribonu- 
cleic acid and their biological consequence. Symp. Quant. Biol., 21, 19-29. 

KORNBERG, A., 1957. Pathway of enzymatic synthesis of nucleotides and 
polynucleotides. In “Chemical Basis of Heredity”. Johns Hopkins Press, 
Baltimore, p. 578-608. 

KURIKI, Y. and R. OKAZAKI, 1959. Deoxyribosidic compounds in a thymidine 
requiring mutant of Escherichia coli. Exp. Cell Res., 17, 580-532. 

LEPAGE, G. A., 1957. Purine deoxyribonucleotides in rat tumor. J. Biol. Chem., 
226, 135-137. 

LOTRUP, S., 1955. Chemical differentiation during amphibian embryogenesis. 
Comp. Rend. Lab. Carlsberg (Serie chimique), 29, 261-314. 

MANTSAVINOS, R. and E. S. CANELLAKIS, 1959. Studies on the biosynthesis 
of deoxyribonucleic acid by soluble mammalian enzymes. J. Biol. Chem., 
234, 628-635. 

MIRSKY, A. E. and H. RIS, 1951. The desoxyribonucleic acid content of animal 
cells and its evolutionary significance. J. Gen. Physiol., 34, 451-462. 


O’DNNELL, J. F., R. P. MACKAL and E. A. EVANS, 1958. An analysis of the | 


_ acid-soluble fraction of normal and T2-infected cells of Escherichia coli, 
strain B. J. Biol. Chem., 223, 1523-1527. 

OKADA, Y. K. and M. ICHIKAWA, 1948. Standard series in the development 
of Triturus pyrrhogaster (in Japanese). Jap. J. Morp., 3, 1-6. 

OKAZAKI, R., 1959. Isolation of a new deoxyribosidic compound, thymidine 
diphosphate rhamnose. Biochem. Biophys. Res. Commun., 1, 34-38. 

—— and T. OKAZAKI, 1958. Studies of deoxyribonucleic acid synthesis and 
cell growth in the deoxyribonucleoside requiring bacteria, Lactobacillus 
acidophyilus I. Biological and chemical nature of the intracellular acid- 
soluble deoxyribosidic compounds. Biochim. Biophys. Acta, 28, 470-482. 

——, T. OKAZAKI, and Y. KURIKI, 1959. Incorporation of [*H]-thymidine in a 
deoxyriboside requiring bacterium. Biochim. Biophys. Acta, 33, 289-291. 

OKAZAKI, T., 1958. A study on cell growth in the synchronous culture of 
Tetrahymena pyriformis. Master of Science thesis, Nagoya University. 

—— and R. OKAZAKI, 1959. Studies of deoxyribonucleic acid synthesis and 
cell growth in the deoxyriboside requiring bacteria, Lactobacillus acidophilus 
II. Deoxyribonucleic acid synthesis in relation to ribonucleic acid and 
protein synthesis. Biochim. Biophys. Acta, in press. 

ORD, M. G. and L. A. STOCKEN, 1958. Deoxyribonucleotide accumulation in 
rat thymus after X-radiation. Biochim. Biophys. Acta, 29, 201-202. 

POTTER, R. L. and V. BUETTNER-JANUSCH, 1958. Deoxycytidine diphosphate 
ethanolamine and its ribose analogue in the acid-soluble extract of calf 
thymus. J. Biol. Chem., 233, 462-465. 

POTTER, R. L., S. SCHLESINGER, V. BUETTNER-JANUSCH and L, THOMPSON, 


t. 

+ 


348 YOSHITAKA KURIKI AND REIJI OKAZAKI 


1957. The isolation of pyrimidine deoxyribonucleotides from the acid- 
soluble extract of thymus. J. Biol. Chem., 226, 384-465. 

ROTHERHAN, J. and W. C. SCHNEIDER, 1958. Deoxyribosyl compounds in 
animal tissues. J. Biol. Chem., 232, 853-858. 

SCHNEIDER, W. C., 1955. Deoxyribosides in animal tissues. J. Biol. Chem., 
216, 278-287. 

——, 1957. Deoxyribosidic compounds in the Novikoff rat hepatoma. J. Nat. 
Cancer Inst., 18, 569-578. 

—— and L. W. BRONELL, 1957. Deoxyribosidic compounds in regenerating 
liver. J. Nat. Cancer Inst., 78, 578-586. 

SUGINO, Y., 1957. Deoxycytidine diphoshpate choline, a new deoxyribosidic 
compound. J. Am. Chem. Soc., 79, 5074. 

—, N. SUGINO, R. OKAZAKI and T. OKAZAKI, 1957. Deoxyribosidic com- 
pounds of sea urchin eggs. Biochim. Biophys. Acta, 26, 453-454. 

-——, 1959. Studies on deoxynucleosidic compounds I. A modified microbioassay 
method and its application to sea urchin eggs and several other tissues. 
Biochim. Biophys. Acta, in press. | 


(Manuscript received: 10. June, 1959) 


eck 
4 
4 
~ 
4 
{ 
Ey 
| 
“| 
i 
4 
¢ 
£2 
‘ 
4 


EMBRYOLOGIA, Vol. 4, No. 4, pp. 349-358 (September, 1959) 


INHIBITORY EFFECT OF MALE HORMONE ON 
GROWTH AND REGENERATION OF THE 
PELVIC FIN IN THE MEDAKA, 
ORYZIAS LATIPES 
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Most somatic characteristics linked to male or female of verte- 
brates are exhibited under either stimulatory or inhibitory influence 
of sex hormones. In other words, there may be two possible me- 
chanisms by which a secondary sexual character is manifested; 1) 
a male-positive character is due to a stimulatory effect of androgens 
while estrogens have no effect on the character, or 2) the character 
is positively exhibited in the male because of absence of estrogen 
which is inhibitory upon the character. Coresponding mechanisms 
may be applicable in the manifestation of a female-positive charac- 
ter. In fishes, a number of investigations have been reported on 
male-positive characters developing under stimulatory influence of 
male hormones. As for inhibitory effects of sex hormones on sec- 
ondary sexual characters, only a few investigations have been-made 
(ZanL and Davis, 1932; Zant, 1934). An excellent review was pre- 
sented by Oxapa (1943) in this field. In the medaka (Oryzias 
latipes), an oyiparous cyprinodont fish, various kinds of secondary 
sexual chargcters were described (Oxa, 1931, 1938) and their res- 
ponses to sex hormones were studied (NacatTa, 1934, 1936; OKADA 
and YAMASHITA, 1944; Yamamoto and Suzuki, 1955; Niwa, 1955; 
EcamI, 1956; Ecami and Isui1, 1956). All these studies were con- 
cerned with only stimulatory effect of sex hormones on the second- 
ary sexual characters. 

Oxa (1931) already described that the pelvic fin of the normal 
medaka (Oryzias latipes) is longer and usually elongates over the 


* Present address: Laboratory of Experimental Embryology, Faculty of 
Science, Osaka City University. | 
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anus in the adult female, whereas in the male it is rather shorter 
and does not reach the anus. No experimental study on the pelvic 
fin of the medaka has heretofore been made. In the experiments 
to be reported here, it is established that such a sexual difference 
in the length of the pelvic fin of the medaka is the result of an inhi- 
bitory effect of the testicular hormone in the male. 


MATERIALS AND METHODS 


Full-grown adults (28-35 mm. in total length) of the orange-red 
variety of the medaka (Oryzias latipes) were used. The method of 
gonadectomy was the same as described in the previous paper 
(YAMAMOTO and Suzuki, 1955). In order to prevent bacterial infec- 
tion at the time of operation and during the first 24 hours following 
the operation, penicilline G was dissolved in the medium in the con- 
centration of 50 iu./ml. Sex hormones were administered in 
powdered diets in which either an estrogen or an androgen was 
evenly mixed. Standard diet was composed of one part of powdered 
shrimp and one part of toasted whole barley flour, and was used as 
control diet. The sex hormones used were crystalline estradiol 
(Biochemical Laboratories Inc. U.S.A., East Parterson N. J.) as a 
female hormone and methyl testosterone (Oreton-M containing 10 
mg. of the steroid per tablet, Schering Corporation) as a male hor- 
mone. Four kinds of hormone-diets, viz., 50 ug. of estradiol, 250 ug. 
of estradiol, 50 wg. of methyl testosterone and 250 ug. of methyl 
testosterone per gram of the standard diet were prepared. 

In all the fish, half length of the right fin was amputated under 
anesthetized condition in m/7.5 Ringer’s solution for the medaka, 
prepared according to the formula originally given by YAmMAamMoTo 
(1939). Effects of hormones on the regeneration of the pelvic fin 
were estimated by measuring the ratio of the length of regenerating 
fin (proximal half plus regenerate) to the initial length of the fin. 

During the experiments the fish received 0.02 g. of the experi- 
mental diets per individual every day and occasionally some tubificid 
worms (Limnodrilus and others) in addition. Averages of water 
temperatures measured at every noon were 29° C. in July, 28.5° C. in 
August, 26° C. in September, and 22° C. in October. 

After the termination of experiments all the fish were fixed with 
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Bouin’s solution, and some of them were subjected to the histological 
examination of the gonad. 


RESULTS 


Pelvic fin in the two sexes 
Before proceeding further, measurements of the normal length of 
the pelvic fin in the two sexes of various sizes are presented in 
Table 1. The table shows that the length of the pelvic fin in the 
male is always significantly shorter than that of the female. 


Table 1. Lengths of the pelvic fin in 
the medaka of various sizes 


Total Female Male 
length Number Number of 
of fish of fish _— 
(mm.) (mm.) (mm.) 
28 10 2.84+ 0.07* 12 2.27 +0.04* 
29 21 2.89 + 0.03 16 2.34+ 0.03 
30 22 2.97 + 0.04 23 2.29 + 0.04 
31 20 3.10+0.05 21 2.33 +0.05 
32 20 3.26+0.05 20 2.39 + 0.05 
33 20 3.39+0.05_ . 20 2.53 + 0.03 
34 20 3.48+0.05 20 2.68+ 0.04 
35 18} 3.70+0.07 20 2.74+0.04 
36 18 3.80+0.03 15 2.89 + 0.06 
37-38 14 3.98+ 0.05 15 2.90+-0.05 
39-40 13 4.45+0.09 11 3.05-+- 0.07 
196 3.45+0.02 193 2.55+0.02 


* Probable error calculated by the formula, +0.6745,/ 4 2S a 
n(n— 


Effect of castration 

If the shorter pelvic fin in the male results from a growth limita- 
tion by an inhibitory action of the testicular hormones, it can be ex- 
pected that castration on the male will result in noticeable elonga- 
tion of the intact fin and more rapid regeneration of the amputated 
fin than that of the normal male. On the contrary, if the elongation 
of the normal length of the female pelvic fin over that of the male 
is the result of stimulation by the voarian hormone, the regenerated 
fin in ovariotomized fish will be shorter than that in the normal 
female. In order to ascertain which alternative is right, the follow- 
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ing experiments were made. 

Castration in both sexes was performed in April and May, and 
the right pelvic fin was amputated in July. In each of four separate 
groups, viz., normal males and females, castrated males and females, 
15 fish were used initially. In the castrated groups a few fish suc- 
cumbed during the experimental period. One week after the am- 


Table 2. Effect of castration on growth and 
regeneration of the pelvic fins 


Intact fin (left) 


Regenerating fin (right ) 


Total 


baby After Before 110 days’ Rate of 
length Initial 110 days cutting after cut regenerat. 
__(mm.) _(mm.) (mm.) —(mm.)_ (mm.) (%) 
Normal 9 31 3.00 3.03 3.15 2.90 92 
Castrated 9 31 3.00 3.06 3.17 3.14 99 
Normal 3 32 2.50 2.55 2.50 2.35 94 
Castrated 6 32 2.50 2.88 2.50 2.85 114 
- 
110 3 g Q 


DAYS DAYS 


Fig. 1. Graphs show rates of regenerations of the pelvic fins in both 
sexes Of the medaka, Oryzias latipes. o, normals; 0, castrates untreated; 
e, castrates treated with low dosage-level of methyl testosterone; e, cast- 
rates treated with high dosage-level of methyl testosterone. Ordinates 
express days after the amputation in logarithmic scale. 
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putation, no segmentation of the regenerated fin-rays was recogni- 
zable. Figure 1 shows the rate of regeneration of the fins in the 
male and female. During the period of about 20 days after the am- 
putation the regeneration rate was so rapid as recovering 60 per cent 
of the lost length and 3 to 6 segments in the regenerating rays were 
observed. So far there was no significant difference between the 
rates in the castrates and the unoperated fish. However, during 
the further period the rate of regeneration in the castrated females 
and the unoperated two sexes significantly declined, whereas extent 
of the decline in the castrated males was apparently less than that 
of the normal males. The final results by 110 days after the am- 
putation are shown in Table 2. The intact fin significantly elongated 
in the castrated males, but no considerable new growth of the pelvic 
fin was noticeable in the other groups, viz., normal males, normal 
females and castrated females. 


These results suggest that the male pelvic fin is capable of 
elongation to the level of the normal female fin when it is freed 
from the influence of the testicular hormone. 


Effect of methyl testosterone 

Administration of methyl testosterone to the castrated fish and 
the normal fish was begun in June, and one week later the right 
pelvic fin of all the fish was amputated. Of 32 individuals treated 
with a high dosage-level (250 ug/g-diet) of the hormone only 10 
survived, while with a low dosage-level (50 uwg/g-diet) the majority 
of the fish survived with loss of only two or three. 

One week after the amputation of the fin, the regenerating rays 
began to differentiate, but no segmentation was observed as yet. 
Differentiation of segments takes place later. As shown in Figure 1, 
administration of methyl testosterone with the low dosage-level 
resulted in a considerable decrease of the regeneration rates of the 
pelvic fin in the castrated males and females. Slight decrease of the 
rates was induced by the treatment with the high dosage-level of 
the androgen. The final results are summarized in Table 3. Similar 
tendency was observed in the unoperated males and females treated 
with the androgen. 

It may be remarked that all the administered females displayed 
masculinization in the anal and dorsal fins, viz., elongation of both 
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Table 3. Effect of methyl testosterone on growth and 
regeneration of the pelvic fins in the castrates 


Intact fin (left) _ Regenerating fin (right) 


<i”. heal Initial After . Before 110 days Rate of . 
hormone & nitia’ 410 days cutting after cut regenerat. 
(ug/g-) (mm.) (mm.) (mm.) (mm.) (mm.) (%) 

0 31 3.00 3.06 3.17 3.14 99 

? 50 34 3.30 3.20 3.40 2.44 72 
250 33 3.20 3.12 3.25 2.62 81 

0 32 2.50 2.88 2.50 2.85 114 

So ae 33 2.60 2.55 2.50 2.05 82 
250 32 2.37 2.38 2.40 2.17 90 


fins and formation of papillar processes on the anal fin, degree of the 
masculnization depending on the dosage of methyl testosterone. 


Effect of estradiol 

The administration ot estradiol and the amputation of the right 
pelvic fin were performed by the same manner as mentioned above. 
Four or five out of 16 individuals treated with a high dosage-level 
of estradiol (250 uwg/g-diet) survived in each group. The urino- 
geneital papillae of the treated fish were well developed in degree 
no less than those of the normal females. This fact is an evidence 
that administered estrogen was sufficiently influencing physiological 
condition of the treated fish, since the urinogenital papillae have 
been shown to be particularly sensitive to estrogen (YAMAMOTO and 


Table 4. Effect of estradiol on growth and regeneration of 
the pelvic fins in the castrates and the normal males 


Dosages Total Intact fin (left) | Regenerating fin (right di 

of hy Initial After Before 110 days’ Rate of 

hormone & 110 days cutting after cut regenerat. 
(ug/g-) (mm.) (mm.) (mm.) (mm.) (mm.) (%) 
0 31 3.00 3.06 3.17 3.14 99 
Te 50 33 3.29 3.36 3.30 3.25 99 
250 32 3.25 3.29 3.27 2.78 85 
as reas 50 32 2.20 2.70 2.25 2.65 118 
250 32 2.30 3.25 2.30 2.76 120 
0 33 2.50 2.55 2.50 2.35 94 
a 10 50 32 241 295 2.40 2.76 115 
250 32 2.46 2.69 2.54 2.36 93 
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SusukI, 1955). 

Table 4 shows the results of final measurements. Rates of the 
regeneration were slightly higher in the castrated male administered 
with estradiol than in the control, though no definite conclusion 
can be made from the results obtained in this experiment. The 
higher value of the regeneration rate in the unoperated male 
treated with estradiol can be interpreted as a result of a profound 
suppression of testis by the administered estrogen. In the histolo- 
gical observation, testes of the treated males mostly contained some 
enlarged cells, so called pseudo-oocytes or “testis ova”, and the 
cysts of testis were mostly replaced by the abnormally proliferating 
stroma cells. 


DISCUSSION 


The results obtained in the present study seem to be indicating 
the following three points. (1) In the medaka, the process of the 
regeneration of the pelvic fin involves three phases as illustrated in 
Figure 1. Similar findings have been obtained by the writer on the 
regenerating process of fins other than the pelvic fin in this species 
(unpublised data). (2) The regeneration rate in the normal male 
is close to that in the normal female. (3) Administered methyl 
testosterone significantly inhibits the regeneration, mainly in the 
third phase of the process, although it exhibits the inhibitory action 
in the earlier phase in the female. 

TuRNER (1947) reported that mature male of Gambusia affinis 
showed a loss of regenerative capacity following amputation of the 
gonopodium. GRrROBSTEIN (1942, 1947) found a markedly depressing 
effect of high doses of androgens on regeneration of the gonopo- 
dium or the anal fin in the platyfish (Platypoecilus maculatus). The 
gonopodium, however, is an organ which develops to normal form 
through the morphogenesis under suitable supply of testicular hor- 
mone and which develops only into female form, essentially juvenile 
form, in the male castrated in the juvenile stage. In the medaka the 
pelvic fin of the male is shorter than that of the female. Both the 
growth of the intact fin and the regeneration of the amputated fin 
in the castrated male were more rapid than those in the unoperated 
male. Thus, administration of methyl testosterone not only indicates 
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that the androgen depresses the regeneration of the pelvic fin, but 
suggests that the testicular male hormone is inhibiting the growth 
of the pelvic fin of the male in the normal condition. It is remark- 
able to find a radical difference among the fins in this form in res- 
ponse to androgens. While the testicular hormone and methyl 
testosterone induce elongation of the anal and dorsal fins, the same 
androgens inhibit growth and regeneration of the pelvic fin. 

ZAHL and Davis (1932) demonstrated in Amia calva that a gray- 
black ocellus, which is absent in the mature female, appears in the 
antero-dorsal region of the caudal fin in the mature female after the 
ovariotomy. The spot was observed in both sexes in the juvenile 
stage, although it became darkened and encircled by a brilliant 
yellow-orange corona in the mature male during the breeding 
season. They concluded that the absence of the ocellus in the 
mature female was due to a hormonal inhibition from the ovaries. 
ZAHL (1934) assumed an inhibitory action of testicular hormone for 
absence of a black spot in the mature male of a cyprinodont fish, 
Rivulus urophathalmus, because the spot was present in the mature 
female and the immature fish of the two sexes. 

In the present experiment, the effect of estradiol on the pelvic 
fin of the medaka is inconclusive. The longer pelvic fin in the 
female may perhaps be due to absence of the testicular hormone. 
Whether the ovarian hormone has any effect upon the elongation of 
the pelvic fin in the normal female or not is uncertain. To solve 
this problem, further experiments using the immature fish will be 
necessary. 


The author wishes to express her thanks to Professor TOKI-O YAMAMOTO 
of Nagoya University for suggesting the present research as well as for his 
constant guidance in the course of the work. | 


SUMMARY 


(1) Using the medaka (Oryzias latipes), effects of castration and 
administration of sex hormones on growth and regeneration of the | 
pelvic fin were studied in order to analyse a relationship between 
the gonadal hormones and the sexual difference in the length of the 
pelvic fin which is shorter in the male than in the female. 

(2) Castration induced noticeable growth of the intact pelvic 
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fin and a rapid regeneration of the amputated fin in the male, 
whereas it did not result in any increase of the length in the female. 
(3) Administration of methyl testosterone depressed both the 
regeneration of the pelvic fin in the two sexes and the potential 
growth of the intact fin in the castrated male. 
(4) It is concluded that the shorter pelvic fin of the male is a 
result of inhibitory effect of the testicular hormone. 
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SPERM ACTIVATION AND AGGREGATION 
DURING FERTILIZATION IN SOME FISHES 


Il. EFFECT OF DISTILLED WATER ON THE 
SPERM-STIMULATING CAPACITY AND 
FERTILIZABILITY OF EGGS /* 


RYO SUZUKI 


Department of Biology, Aichi Gakugei University, Okazaki, Japan 


In the preceding paper of this series, it was reported that sperm 
aggregation and activation takes place on the egg membrane around 


the micropyle area in three species of Japanese bitterlings and the 
fat minnow (1958). This phenomenon seems to increase the chance . 


of an encounter between the egg and sperm at fertilization. 

In the present study, further experiments were carried out on 
the capacity of the egg for inducing sperm aggregation and activa- 
tion in Japanese bitterlings in connection with fertilizability of eggs 
in distilled water and RINGErR’s solution. Also the mode of sperm 
entrance into the egg was studied. Two species of bitterlings, 
Rhodeus ocellatus and Acheilognathus lanceolata were used. The 
experiments were performed at room temperatures varying from 
18° to 21°C. 


RESULTS 


1) Effect of distilled water on the sperm-stimulating capacity of 
the egg | 
Eggs of Acheilognathus lanceolata or Rhodeus ocellatus were 
immersed in distilled water adjusted to pH 7.0 with NaHCOs, and 
then inseminated at various time intervals. For 5 minutes after 
the immersion, the region effective for sperm activation and aggre- 
gation covered a wide area of the animal hemisphere centering 
around the micropyle (Fig. 1A). After 10 minutes, the extent of 
the effective region became restricted to a small area around the 
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C 


Fig. 1. Limitation of region of sperm aggregation in Rhodeus ocellatus 
eggs washed with distilled water for various lengths of time. Phase 


contrast photomicrographs, A: 4 minutes, B: 15 minutes, C: 36 minutes, 
D: 70 minutes. 


funnel-shaped micropyle (Fig. 1B). This situation was unchanged 
for an interval between 10 and 25 minutes. After 30 minutes, the 
sperm aggregation suddenly became less conspicuous (Fig. 1 C) 
and the situation remained the same for the following 2 hours 
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(Fig. 1 D). | 

On the other hand, in the eggs immersed in M/7.5 RINGER’S 
solution, which is approximately isotonic to eggs, the capacity for 
sperm aggregation and activation was kept for 4 hours or more, 
even if the eggs were washed several times. Furthermore, none of 
the eggs inseminated in RINGER’s solution developed at all. 


2) Ferttlizability of the egg 

Another series of experiments was carried out to examine the 
fertilizability of the bitterling eggs when immersed in distilled 
water or in RINGER’s solution, in relation to the sperm-stimulating 
capacity of eggs. At various time intervals after immersion, 40-50 
eggs were taken out in separate vessels and inseminated. Then the 
percentage of fertilized eggs was determined by counting the cleaved 
eggs. It was found that in distilled water most of the eggs of 
Acheilognathus lanceolata and Rhodeus ocellatus which kept their 
fertilization capacity for about 25 minutes, suddenly lost the capacity 
within the following 5 minutes. A typical example with Acheilo- 
gnathus lanceolata is given in Table 1, which shows simultaneous 
loss of fertilizability and vigorous sperm-stimulating capacity in 
distilled water. On the other hand, majority of the eggs in RINGER’s 
solution remained capable of fertilization for 2 hours or more. 

When ripe unfertilized eggs of bitterlings were immersed in 
distilled water for about 4 minutes, the egg membrane spontaneously 
separated from the egg surface, leaving some protoplasmic con- 
nection between the membrane and the surface of the plasma-disk 
at the animal pole. The protoplasmic connection narrowed in 10-15 
minutes and became restricted only to the micropyle area (Fig. 2 A). 


Table 1. Percentage of fertilized eggs of Acheilognathus lanceolata 
in distilled water and M/7.5 RINGER’s solution 


Duration of immersion (in minutes) 


Media 10 200 «25 30 35 60 120 Temperature 
RINGER’s solution 
(pH 7.0) 86 _— 98 92 — 64* #£75** 18°-19°C 


* Including 18 per cent abnormal cleavage. 
** Including 25 per cent abnormal cleavage. 
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A B 


Fig. 2. (A). Protoplasmic connection in the micropyle area of Rhodeus 
ocellatus egg, about 15 minutes after immersion in distilled water. (B). 
Separation of the protoplasmic connection 30 minutes after immersion 
in distilled water. 


Then in 25-30 minutes, in most cases, this connection suddenly 
broke (Fig. 2B). To answer the question whether those eggs are 
fertilizable after breaking of the protoplasmic bridge or not, the 
following experiment was carried out. About 100 unfertilized eggs 
of Acheilognathus lanceolata were immersed in distilled water; and 
when their cortical change was nedrly completed in 20 minutes, 
the eggs with the protoplasmic connection unbroken were separated 
from the rest. Then they were both inseminated. -The percentage 
of fertilized eggs was examined after about 2 hours. As shown in 
Table 2, it was found that only the’eggs with the protoplasmic 
connection unbroken retained their fertilizability. 


Table 2. Fertilizability of Acheilognathus lanceolata eggs 
(a) with protoplasmic connection, (b) without protoplasmic 
connection after immersion in distilled water. 


Minutes | Percentage of fertilized eggs 
. :; (a) with protoplasmic | (b) without protoplasmic 
connection connection 
25-29 98.5 | 0.0 


27-34 89.3 0.0 
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3) Size and fertilizing capacity of spermatozoa 

The spermatozoon of Rhodeus ocellatus, like that of most teleost 
fishes, consists of a spheroidal head measuring about 2.2 micra in 
diameter and about 2.6 micra in length, a round middle-piece about 
1.2 micra in diameter, and a very long tail about 35.3 micra in 
length. Size of the spermatozoon of Acheilognathus lanceolata is 
almost the same as that of Rhodeus ocellatus, the diameters of both 
heads being about equal to the diameter of the central orifice of 
the micropyle, as was observed by the author (1958). Probably, 
this means that only one spermatozoon can pass through the 
micropyle. 

To study the fertilizing capacity of spermatozoa when immersed 
in distilled water or RiNGEr’s solution, the following experiments 
were carried out. Spermatozoa of fully matured males of Rhodeus 
ocellatus or Acheilognathus lanceolata were stripped into a clean 
Petri dish. They were then separated into two groups, the first 
being diluted to the density of 10-* in RINGEr’s solution and the 
second to the same density in distilled water. These sperm 
suspensions were added to homologous ripe unfertilized eggs at 
various time intervals and the percentage of fertilized egg was 
examined. Results showed that most of the spermatozoa immersed 
in distilled water lost their fertilizability within about 7 minutes; 
while in RinGeEr’s solution some of the spermatozoa remained fer- 
tilizable for 60 minutes. A typical example with Acheilognathus 
lanceolata is given in Table 3. 


Table 3. Percentage of Acheilognathus lanceolata eggs fertilized 
with spermatozoa after immersion in distilled water or 
M/7.5 RINGER’s solution for various time intervals, 


Duration of immersion (in minutes il 
Media 0-1 3 5 - 10 30 60 Temperature 
Distilled water | | 
(pH 7.) 94 100 5 0 — 19°C 
INGER’s solution 
(pH 7.0) 94 97 100 68 32 19°-20°C 


4) Activation of the sperm and entry of the sperm into the egg 
Bitterling spermatozoa immersed in RINGER’s solution did not 
move at all, even when they were brought into contact with the 
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egg membrane near the micropyle. But when immersed in distilled 
water, they began to rotate. In distilled water, the most active 
spermatozoa of Rhodeus ocellatus moved at the speed measuring 
about 198 micra per second immediately after the immersion. 
Moreover, when they were added to ripe unfertilized eggs, some of 
them came in the vicinity of the micropyle and moved at a higher 
speed, about 364 micra per second. This increase in speed might 
be due to stimulation by some substance (probably so-called 
gynogamone I of HARTMANN eé al.) derived from the membrane 
near the micropyle. In order to ascertain the relation between 
the sperm stimulation around the micropyle and the sperm-entry 
into the odplasm at the time of fertilization, careful observation of 
the behavior of the sperm around the micropyle was attempted. 
Since observation of the egg of Acheilognathus lanceolata was 
difficult owing to the opaque voluminous yolk, Rhodeus ocellatus 
eggs, which have less yolk, were used as material. In the period 
of 20-25 minutes after immersion of the eggs in distilled water, a 
small amount of diluted sperm suspension was added. A few 
spermatozoa came in contact with the surface of the membrane 
within about one minute, and began to swim anticlockwise along 
the surface of the egg membrane and approached towards the 
micropyle. The first sperm penetrated into the central orifice of 
the micropyle and immediately its image disappeared in the interior 
protoplasm (Fig. 3). Although the other Spermatozoa inserted their 


Fig. 3. Diagram showing the behavior of sperm before 
entering the odplasm (Rhodeus ocellatus). PC: protoplasmic 
connection, PS: perivitelline space, TR: track of sperm. 
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heads into the orifice, they could not enter the odplasm and all of 


them became motionless within 8 minutes. 


DISCUSSION 


HARTMANN et al. (1947 a, 1947 b) reported that the substance 
responsible for sperm activation was obtained from the oil droplets 


in trout eggs, and supposed that this substance diffuses outward 


from the odplasm to the exterior. Although such a substance has 
not yet been isolated in the present study, it may be suggested 
that the sperm stimulating substance is derived from the micropyle 
area of the egg membrane of bitterling eggs, since it was found 
that the sperm stimulating region of the egg membrane became 
restricted only to the micropyle area after 10 minutes’ washing of 
the eggs in distilled water. Recently, YANAaGcimMAcHI (1957 a, b) 
found that the sperm activation occurs on the egg membrane near 
the micropyle of herring eggs. His finding seems to be in harmony 
with the above mentioned suggestion. The bitterling spermatozoon 
enters the egg only through the micropyle. From this fact, it 
seems that the sperm aggregation and activation around the micro- 
pyle have a close relationship to the successful entrance of the 
sperm through the micropyle. Also, coincidence in time of the loss 
of sperm-stimulating effect and that of the fertilizability of eggs in 
distilled water seems to indicate that the factor responsible for 
sperm stimulation plays an important rdéle for fertilization of 
bitterlings. 


When the bitterling eggs are immersed in distilled water, 
sperm-stimulating capacity is suddenly reduced after 20 minutes, 
while in RINGEr’s solution the capacity is retained for 4 hours or 
more. These facts may suggest that the sperm-stimulating factor 
gradually dissolves into distilled water from the micropyle area 
and is hindered to dissolve in RINGEr’s solution. On the other hand, 
the fact that the eggs inseminated in Rincer’s solution can not 
develope is probably due to the inaction of spermatozoa in that 
solution. | 


Most of the bitterling spermatozoa immersed in distilled water 


lose their fertilizing capacity within about 7 minutes. This may 
be due to the loss of their capaciy to aggregate towards the 


all 
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micropyle. Already the author (1958) observed that aggregated 
spermatozoa of bitterlings, when added to the egg in distilled 
water, dispersed after 7 minutes lessening their activity. 

As is well known, eggs of various species of fresh water fishes 


generally lose their fertilizability within a few minutes when 


immersed in fresh water (YamMamoTo, T. 1944, 1954). Eggs of 
bitterlings, however, keep the capacity of fertilization for about 25 
minutes after immersion in distilled water. This may be due to 
the fact that in distilled water bitterling eggs keep the protoplasmic 
connection between the central part of the micropyle membrane 
and the surface of plasma-disk for 25 minutes, even after eggs have 
almost completed the cortical change, and that the sperm can not 
enter an egg which has no protoplasmic connection. Thus, it may 
be concluded that the loss of the fertilizability of bitterling eggs 
in distilled water is due to the dissolution of the sperm-stimulating 
factor as well as the disconnection of the protoplasmic bridge. 


SUMMARY 


1) Ripe unfertilized eggs of bitterlings, when immersed in 
distilled water, keep a conspicuous capacity for sperm activation 


and aggregation around the micropyle region of the egg membrane 


for 30 minutes. At the end of this period the capacity is suddenly 
reduced. However, the reduced capacity is retained for 2 hours. 
In M/7.5 RINGER’s solution eggs retain the capacity for aggregation 
for 4 hours or more. : 

2) Ripe unfertilized eggs, when immersed in distilled water, 
lose the capacity for fertilization in 30 minutes. Therefore the time 
in which the fertilizability is lost coincides with that for the loss 
of vigorous sperm stimulating capacity. 

3) A single spermatozoon of the bitterling can enter the egg 
through the micropyle, even when cortical changes have been nearly 
completed, so long as the protoplasmic connection between the 
micropyle membrane and the surface of the plasma-disk is intact. 

4) Bitterling spermatozoa immersed in distilled water lose their 
fertilizing ability within about 7 minutes. 
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